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FIG. 11
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1

RADAR APPARATUS AND SIGNAL
PROCESSING METHOD

CROSS-REFERENCE TO RELAT
APPLICATIONS

T
»

This application 1s based on and claims priority from Japa-
nese Patent Application No. 2012-268063 filed on Dec. 7,

2012.

TECHNICAL FIELD

The mvention relates to signal processing for dertvation of
a target.

BACKGROUND

In the past, a radar apparatus mounted on a vehicle emits a
transmission wave from a transmission antenna and recetves
a reflected wave from a target, which reflects the emitted
transmission wave, at a reception antenna to thus derive a
target position and the like with respect to the vehicle (radar
vehicle). The detailed processing thereof i1s as follows. A
signal processing unmit of the radar apparatus generates a beat
signal by mixing a transmission signal corresponding to the
transmission wave of which a frequency 1s changed with a
predetermined period and a reception signal corresponding to
the reflected wave. That 1s, the signal processing unit gener-
ates the beat signal based on a difference frequency (beat
frequency) between the transmission signal and the reception
signal 1 each of an UP section in which the frequency
ascends with a predetermined period and a DOWN section 1n
which the frequency descends.

Then, the signal processing unit generates a signal (here-
inafter, referred to as a ‘converted signal’) with respect to
cach frequency by performing FFT (Fast Fourier Transtorm)
for the beat signal. From the converted signals, the signal
processing unit extracts a signal exceeding a threshold value
of a predetermined signal level as a peak signal. Then, the
signal processing unit derives paired data by pairing the peak
signal of the UP section and the peak signal of the DOWN
section based on a predetermined condition.

Then, the signal processing umit derives a distance (here-
inafter, referred to a longitudinal distance) from the vehicle to
the target or a distance (hereinatter, referred to as a transverse
distance) of the target with respect to the vehicle 1n a direction
substantially orthogonal to a traveling direction of the
vehicle. Also, the signal processing unit derives a relative
speed of the target with respect to the vehicle. In this way, the
signal processing unit derives the position information of the
target including the longitudinal and transverse distances of
the target and the relative speed thereot, based on the paired
data.

Then, the signal processing umit performs determination
(hereinafter, referred to as ‘continuity determination’) pro-
cessing of determining whether there 1s a temporally continu-
ous relation between paired data (hereinafter, referred to as
‘this time paired data’) by this time processing and paired data
(heremaftter, referred to as ‘previous time paired data’) by
previous time processing. A case where there 1s a temporally
continuous relation between both the paired data includes a
case where data (hereinafter, referred to as ‘predicted paired
data’), which 1s obtained by predicting this time paired data
based on the previous time paired data, 1s generated and
difference values of the longitudinal distances, transverse
distances and relative speeds of this time paired data and the
predicted paired data are within predetermined values.
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When the paired data having the temporally continuous
relation 1s derived consecutively a predetermined number of

times, for example, three times of this time, previous time and
the time before last, the paired data 1s decided as a target and
target information including the position immformation and
relative speed of the target 1s output to a vehicle control device
that controls behaviors of the vehicle. As a result, the vehicle
control device performs required vehicle control 1n accor-
dance with the information of the decided target that 1s output
from the radar apparatus. For example, Patent Document 1
discloses a technology relating to the continuity determina-
tion.

Patent Document 1: Japanese Patent Application Publication

No. 2012-013484A

However, when a plurality of targets exists at the periphery
of the vehicle and the reception antenna receives the reflected
waves from the plurality of targets at the same time, a plurality
of peak signals 1s extracted on a frequency axis in the UP and
DOWN sections after the FFT processing. Also, not only the
peak signals corresponding to the targets but signals due to
noises individually appear in the vicinity of the frequencies of
the peak signals. When the signals due to the noises exceed a
threshold value, the signals are extracted as peak signals. In
this way, when the peak signals exist on the frequency axis of
the UP and DOWN sections, paired data (hereinatter, referred
to as ‘mis-paired data’) paired in an incorrect combination
other than a correct combination may satisty a condition of
paired data (hereinafter, referred to as ‘normal-paired data’”)
paired 1n a correct combination.

When the mis-paired data 1s derived, the false position
information or relative speed different from the position
information or relative speed of the target actually existing 1s
output to the vehicle control device. In this case, since the
vehicle control device controls the vehicle on the basis of the
false position information or relative speed, the required
vehicle control may not be performed or unnecessary vehicle
control may be performed.

In particular, for example, when the vehicle 1s traveling 1n
a tunnel or 1n the vicinity of a road side object such as a guard
rail, a plurality of peak signals based on reflected waves from
the road side object 1s detected, so that a possibility of the
mis-pairing 1s increased. Like this, 1in the situation where the
possibility of the mis-pairing 1s high, a possibility that the
mis-paired data having a temporally continuous relation will
be derived consecutively three times 1s also increased. When
the mis-paired data 1s derived consecutively three times, a
target that does not originally exist 1s decided as a moving
object (1.e., a ghost 1s detected). Thereby, the vehicle control
1s performed while erroneously considering that a preceding
vehicle exists.

SUMMARY

It 1s therefore an object of the invention to provide a tech-
nology for avoiding ghost detection even when a vehicle 1s
traveling in a situation where a ghost 1s easily detected (a
situation where a possibility of mis-pairing 1s high).

(1) According to an aspect of the embodiments of the
present mvention, there 1s provided a radar apparatus com-
prising: a derivation unit configured to derive target informa-
tion which 1s information relating to a target detected on the
basis of a transmission signal of which a frequency changes
with a predetermined cycle and a reception signal corre-
sponding to a retlected wave coming from an object at which
a transmission wave corresponding to the transmission signal
1s reflected; a determination unit configured to determine
reliability of the target information; and a decision unit con-
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figured to decide whether the detected target 1s true or false,
based on the target information, wherein the decision unit
changes a method of deciding whether the target 1s true or
false 1n accordance with a determination result of the reliabil-
ity by the determination unit.

(2) The radar apparatus according to (1), wherein the deci-
s1on unit determines whether each target corresponding to the
target information which 1s temporally consecutively derived
1s the same target, wherein when 1t 1s determined consecu-
tively predetermined number of times that each target 1s the
same target, the decision unit decides the target as a true
target, and wherein the decision unit changes the predeter-
mined number of times 1n accordance with the determination
result of the reliability.

(3) The radar apparatus according to (2), wherein the deci-
s10n unit increases the predetermined number of times when
the reliability 1s low.

(4) The radar apparatus according to any one of (1) to (3),
turther comprising: an extraction unit configured to extract
peak signals which are obtained from a difference frequency
between the transmission signal and the reception signal, in a
first period 1n which the frequency of the transmission signal
ascends and a second period 1n which the frequency descends;
and a pairing unit configured to pair the peaks signal of the
first period and the peak signal of the second period based on
a predetermined condition, wherein the determination unit
determines the reliability on the basis of a true-false possibil-
ity of the pairing.

(5) The radar apparatus according to (4), wherein the deter-
mination unit determines that the reliability 1s low when there
1s a possibility that the pairing is falsely made.

(6) The radar apparatus according to (4) or (5), wherein the
determination unit determines that the reliability 1s low when
the detected target 1s a moving target and a position of the
moving target 1s included within a predetermined range from
a position of the other stationary target.

(7) The radar apparatus according to (6), wherein the target
information mcludes an own traific lane probability indicat-
ing a probability that a target exists on a traific lane 1n which
a vehicle mounted with the radar apparatus 1s traveling, and
wherein the other stationary object 1s extracted from a sta-
tionary target existing at a position that 1s more distant from
the vehicle than a reference position determined based on the
own traffic lane probability.

(8) The radar apparatus according to (7), wherein the ret-
erence position 1s a position corresponding to a distance 1n a
direction substantially orthogonal to a central axis of the radar
apparatus and 1s changeable depending on the own traflic lane
probability.

(9) The radar apparatus according to (4) or (5), wherein the
determination unit determines that the reliability 1s low when
a difference of respective reception levels of the target infor-
mation which 1s temporally consecutively derived 1s a prede-
termined value or larger.

(10) The radar apparatus according to (4) or (5), wherein
the determination unit determines that the reliability 1s low
when a sum of respective Mahalanobis distances included in
the target information which 1s temporally consecutively
derived 1s a predetermined value or larger.

(11) The radar apparatus according to (4) or (5), wherein
the determination unit determines that the reliability 1s low
when a number of stationary targets present on a traific lane in
which a vehicle mounted with the radar apparatus 1s traveling,
1s a predetermined value or larger.

(12) According to another aspect of the embodiments of the
present invention, there 1s provided a signal processing
method comprising: (a) dertving target information which 1s
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information relating to a target detected on the basis of a
transmission signal of which a frequency changes with a
predetermined cycle and a reception signal corresponding to
a reflected wave coming from an object at which a transmis-
sion wave corresponding to the transmission signal 1s
reflected; (b) determining reliability of the target information;
and (c¢) deciding whether the detected target 1s true or false,
based on the target information, wherein in the step (c¢), a
method of deciding whether the target 1s true or false 1s
changed 1n accordance with a determination result of the
reliability.

According to the aspects defined i (1) to (12), the method
of deciding whether the target 1s true or false 1s changed
depending on the reliability of the target information of the
detected target. Therefore, when the reliability of the target
information 1s low, 1t 1s possible to prevent a false target {from
being decided.

Also, particularly, according to the aspects defined 1n (2)
and (3), the number of times of deciding that the target 1s true
1s changed. In particular, the number of times 1s increased
when the reliability 1s low. Thereby, 1t 1s possible to retard the
decision of the target, so that it 1s possible to prevent a false
target from being decided.

Also, particularly, according to the aspects defined 1n (4)
and (5), the reliability 1s determined based on a possibility
that the pairing 1s true or false. In particular, when there 1s a
possibility that the pairing 1s falsely made, 1t 1s determined
that the reliability 1s low. Therefore, it 1s possible to prevent a
false target from being decided.

Also, particularly, according to the aspects defined 1n (6)
and (9) to (11), 1t 1s possible to extract a moving target having
a high possibility that the pairing 1s falsely made.

Also, particularly, according to the aspect defined in (7)
and (8), the target, which 1s detected at a position at which
there 1s a high possibility that a plurality of stationary targets
such as a road side object exists, 1s used. Therefore, 1t 1s
possible to effectively extract a target having a high possibil-
ity that the pairing 1s falsely made. Also, 1t 1s possible to
prevent a target, which 1s detected on the traffic lane in which
the vehicle 1s traveling, from being falsely used as a determi-
nation target of the reliability.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 1s an overall view of a vehicle;

FIG. 2 1s a block diagram of a vehicle control system;

FIG. 3 1s a view showing a signal of an FW-CW method;

FIG. 4 15 a tlow chart showing target information deriving,
processing;

FIG. 5 1s a flow chart showing the target information deriv-
Ing processing;

FIG. 6 1s a flow chart showing the target information deriv-
Ing processing;

FIG. 7 1s a flow chart showing continuity determining
processing;

FIG. 8 1s a flow chart showing processing of deriving a
reference stationary object;

FIG. 9 1s a flow chart showing the processing of deriving a
reference stationary object;

FIG. 10 1llustrates the processing of deriving a reference
stationary object;

FIG. 11 1llustrates the processing of deriving a reference
stationary object;

FIG. 12 illustrates the processing of deriving a reference
stationary object;
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FIG. 13 1s a flow chart showing reliability determining
processing;

FI1G. 14 1llustrates the reliability determining processing;

FIG. 15 1s a flow chart showing continuity determining,
(target deciding) processing;;

FIG. 16 1s a flow chart showing the continuity determining,
(target deciding) processing;

FIG. 17 1s a flow chart showing the continuity determining,
(target deciding) processing;

FI1G. 18 1s a flow chart showing the continuity determining,
(target deciding) processing;

FI1G. 19 1s a tlow chart showing the continuity determining,
(target deciding) processing;

FI1G. 20 1s a tflow chart showing the continuity determining,
(target deciding) processing;

FI1G. 21 1s a tlow chart showing the continuity determining,
(target deciding) processing;

FIG. 22 1s a flow chart showing continuity determining,
processing;

FIG. 23 1s a flow chart showing reliability determining
processing;

FIG. 24 1s a flow chart showing continuity determining
(target deciding) processing;

FI1G. 25 15 a tlow chart showing the continuity determining,
(target deciding) processing;;

FI1G. 26 1s a tlow chart showing the continuity determining,
processing;

FI1G. 27 1s a tlow chart showing the continuity determining,
processing;

FI1G. 28 1s a tlow chart showing the continuity determining,
processing;

FI1G. 29 1s a flow chart showing the continuity determining,
processing;

FIG. 30 1s a flow chart showing the continuity determining,
processing;

FIG. 31 1s a flow chart showing processing of deriving a
number of stationary objects;

FIG. 32 1s a flow chart showing reliability determiming
processing;

FIG. 33 1s a flow chart showing continuity determining,
(target deciding) processing;

FI1G. 34 1s a tlow chart showing the continuity determining,
(target deciding) processing; and

FI1G. 35 1s a flow chart showing the continuity determining,
(target deciding) processing.

DETAILED DESCRIPTION OF TH
EMBODIMENTS

(Ll

Hereinafter, illustrative embodiments of the invention will
be described with reference to the drawings.

1. First Illustrative Embodiment

1-1. Configuration

FIG. 1 1s an overall view of a vehicle CR. The vehicle CR
mainly has a radar apparatus 1 and a vehicle control device 2,
which are included 1n a vehicle control system 10 of this
illustrative embodiment. The vehicle CR has the radar appa-
ratus 1 i the vicimity of a front bumper of the vehicle. The
radar apparatus 1 scans a predetermined scanning scope by
one scanning to thus derive a distance between the vehicle CR
and a target i a vehicle traveling direction, 1.e., a distance
(heremaftter, referred to as a ‘longitudinal distance’) until a
reflected wave from the target arrives at a reception antenna of
the radar apparatus 1. Also, the radar apparatus 1 derives a
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distance between the vehicle CR and the target 1n a vehicle
transverse direction (a vehicle width direction), 1.e., a dis-
tance (hereinafter, referred to as a ‘“transverse distance’) of the
target with respect to the vehicle CR 1n a direction substan-
tially orthogonal to a reference axis BL virtually extending in
the traveling direction of the vehicle CR. In the meantime, the
transverse distance 1s derived by performing a trigonometric
function calculation for information on an angle of the target
with respect to the vehicle CR. In this way, the radar apparatus
1 derives the position information of the target with respect to
the vehicle CR. Also, the radar apparatus 1 derives a relative
speed that 1s a speed of the target relative to a speed of the
vehicle CR.

In the meantime, FIG. 1 shows beam patterns of transmis-
s1on waves that are transmitted from two transmaission anten-
nas (a transmission antenna 13« and a transmission antenna
1356 shown 1n FIG. 2) of the radar apparatus 1, which will be
described later. When the reference axis BL 1s +0°, a beam
pattern NA of the transmission wave that 1s output from the
transmission antenna 13a has a narrower angle range (for
example, £6°) than a beam pattern BA of the transmission
wave, which 1s output from the transmission antenna 135, and
1s output 1n the shape of a sharp beam pattern having a long
longitudinal distance. The reason why the longitudinal dis-
tance 1s long 1s that an output level of outputting the trans-
mission wave 1s relatively high.

In contrast, the beam pattern BA of the transmission wave
that 1s output from the transmission antenna 135 has a wider
angle range (for example, £10°) than the beam pattern NA of
the transmission wave that 1s output from the transmission
antenna 13a, and 1s output in the shape of a broad beam
pattern having a short longitudinal distance. The reason why
the longitudinal distance 1s short 1s that an output level of
outputting the transmission wave 1s relatively low. In each of
a transmission period in which the transmission wave 1s out-
put from the transmission antenna 13a¢ and a transmission
period in which the transmission wave 1s output from the
transmission antenna 135, the transmission waves of different
beam patterns are output, so that 1t 1s possible to prevent an
error of an angle derivation, which 1s caused due to a phase
told-back of the target. Processing of dertving a target angle
will be described later.

Also, the radar apparatus 1 of FIG. 1 1s mounted 1n the
vicinity of the front bumper of the vehicle. However, the radar
apparatus may be mounted to another part, for example in the
vicinity of a rear bumper of the vehicle CR and in the vicinity
of a side mirror of the vehicle CR without being limited to the
vicinity of the front bumper, masmuch as 1t 1s possible to
derive a target in accordance with a control object of the
vehicle CR of the vehicle control device 2 at the correspond-
ing mount position.

Also, the vehicle CR has the vehicle control device 2 1in the
vehicle CR. The vehicle control device 2 1s an ECU (Elec-
tronic Control Unit) that controls respective devices of the
vehicle CR.

FIG. 2 1s a block diagram of the vehicle control system 10.
The vehicle control system 10 1s configured so that the radar
apparatus 1 and the vehicle control device 2 are electrically
connected and the target information on the position and the
relative speed, which are usually dertved from the radar appa-
ratus 1, 1s output to the vehicle control device 2. That 1s, the
radar apparatus 1 outputs the target information, which 1s the
information on the longitudinal distance, transverse distance
and relative speed of the target with respect to the vehicle CR,
to the vehicle control device 2. Then, the vehicle control
device 2 controls operations of the various devices of the
vehicle CR, based on the target information. Also, the vehicle
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control device 2 1s electrically connected to a variety of sen-
sors provided to the vehicle CR, such as a vehicle speed
sensor 40 and a steering sensor 41. Also, the vehicle control

device 2 1s electrically connected to a variety of devices
provided to the vehicle CR, such as a brake 50 and a throttle
51.

The radar apparatus 1 mainly has a signal generation unit
11, an oscillator 12, a transmission antenna 13, a reception

antenna 14, a mixer 135, an LPF (Low Pass Filter) 16, an AD

(Analog to Digital) converter 17 and a signal processing unit
18.

The signal generation unit 11 generates a modulation sig-
nal of which a voltage changes 1n a triangular wave shape, for
example, based on a control signal of a transmission control
unit 107 that will be described later.

The oscillator 12 1s a voltage control oscillator that controls
an oscillation frequency with a voltage, frequency-modulates
a predetermined frequency signal (for example, 76.5 GHz),
based on the modulation signal generated from the signal
generation unit 11, and outputs the same to the transmission
antenna 13, as a transmission signal of a frequency band of
which a central frequency 1s 76.5 GHz.

The transmission antenna 13 outputs a transmission wave
relating to the transmission signal to the outside of the
vehicle. In this illustrative embodiment, the radar apparatus 1
has two transmission antennas of the transmission antenna
13a and the transmission antenna 13b. The transmission
antennas 13a, 135 are switched with a predetermined cycle by
a switching operation of a switching unit 131, and the trans-
mission wave 1s consecutively output to the outside of the
vehicle from the transmission antenna 13 connected to the
oscillator 12. The transmission antenna 13a and the transmis-
sion antenna 135 have different arrangements (antenna pat-
terns) of antenna devices. Thereby, as shown in FIG. 1, the
beam patterns of the transmission waves that are transmitted
from the transmission antennas 13a, 135 are different.

The switching unit 131 1s a switch for switching the trans-
mission antenna 13 that 1s connected to the oscillator 12 and
connects any one of the transmission antenna 13a and the
transmission antenna 135 and the oscillator 12 each other in
response to a signal of the transmission control unit 107.

The reception antenna 14 1s a plurality of array antennas
that recerves the reflected waves coming from an object at
which the transmission waves consecutively transmitted from
the transmission antenna 13 are reflected. In this illustrative
embodiment, the four reception antennas 14a (chl), 145
(ch2), 14¢ (ch3) and 144 (ch4) are provided. In the meantime,
cach of the reception antennas 14a to 144 1s arranged at an
equal interval.

The mixer 15 1s provided for each reception antenna. The
mixer 15 mixes a reception signal and a transmission signal.
Thereception signal and the transmission signal are mixed, so
that a beat signal, which 1s a difference signal between the
reception signal and the transmission signal, 1s generated and
1s then output to the LPF 16.

Here, the reception signal and the transmission signal gen-
crating the beat signal are described with reference to an
FW-CW (Frequency Modulated Continuous Wave) signal
processing method shown 1n FIG. 3. Meanwhile, 1n this 1llus-
trative embodiment, the FW-CW method 1s described below.
However, the invention 1s not limited to the FW-CW method
and any method can be adopted mnasmuch as the method
derives a target by combining a plurality of sections including
an UP section in which the frequency of the transmission
signal ascends and a DOWN section 1n which the frequency
of the transmission signal descends.
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Also, symbols that are shown 1n equations and FIG. 3 for
signals and beat frequencies of the FW-CW are as follows: 1r:
distance frequency, 1d: speed frequency, fo: central frequency
of transmission wave, AF: frequency shift width, Im: repeti-
tion frequency ol modulation wave, c¢: light speed (speed of
clectric wave), T: round-trip time of electric wave between
vehicle CR and target, Is: transmission/reception frequency,
R: longitudinal distance, V: relative speed, Om: angle of tar-
get, Oup: angle corresponding to a peak signal in an UP
section, O0dn: angle corresponding to a peak signal 1n a
DOWN section.

FIG. 3 1s a view showing a signal of the FW-CW method.
At the upper of FIG. 3, signal waveforms of a transmission
signal TX and a reception signal RX of the FW-CW method
are shown, and a vertical axis indicates a frequency [GHZ]
and a horizontal axis indicates a time [msec]. The transmis-
s1on signal TX has a central frequency fo (for example, 76.5
(Hz) and repeats a constant change between 200 MHz so that
it ascends up to a predetermined frequency (for example, 76.6
GHz) and then descends to a predetermined frequency (for
example, 76.4 GHz). Like this, the transmaission signal has a
section (hereinaiter, also referred to as ‘UP section’, for
example, sections U1, U2, U3, U4 shown in FIG. 3 are UP
sections) 1n which the frequency ascends to a predetermined
frequency and a section (hereinaiter, also referred to as
‘DOWN section’, for example, sections D1, D2, D3, D4 are
DOWN sections) in which the frequency descends to a pre-
determined frequency after 1t has ascended to the predeter-
mined frequency. Also, when the transmission wave transmit-
ted from the transmission antenna 13 collides with an object
and 1s then recerved at the reception antenna 14 as a reflected
wave, the reception signal RX 1s mput into the mixer 135
through the reception antenna 14. Like the transmission sig-
nal TX, the reception signal RX also has a section in which the
frequency ascends to a predetermined frequency and a section
in which the frequency descends to a predetermined fre-
quency.

In the meantime, the radar apparatus 1 of this illustrative
embodiment transmits a transmission wave, which corre-
sponds to two cycles of the transmission signal TX 1n which
one cycle of the transmission signal TX 1s a combination of
one UP section and one DOWN section, to the outside of the
vehicle. For example, 1n a first cycle (an UP section Ul of
transmission time t0 to t1 and a DOWN section D1 of trans-
mission time tl to t2), a transmission wave having the beam
pattern NA 1s output from the transmission antenna 13qa. In a
second cycle (an UP section U2 of transmission time t2 to t3
and a DOWN section D2 of transmission time t3 to t4) that 1s
anext cycle, a transmission wave having the beam pattern BA
1s output from the transmission antenna 135. Then, the signal
processing unit 18 performs signal processing for dertving
target information by the transmission signal TX and the
reception signal RX (a signal processing section of time t4 to
t5). After that, 1n a third cycle (an UP section U3 of transmis-
s1on time tS to t6 and a DOWN section D3 of transmission
time t6 to t7), a transmission wave having the beam pattern
NA 1s output from the transmission antenna 13a, in a fourth
cycle (an UP section U4 of transmission time t7 to t8 and a
DOWN section D4 of transmission time t8 to t9), a transmis-
sion wave having the beam pattern BA 1s output from the
transmission antenna 135 and then the signal processing unit
18 performs the signal processing for deriving target infor-
mation. Thereaiter, the same processing 1s repeated.

In the meantime, the reception signal RX has a temporal
delay (time T), compared to the transmission signal TX,
depending on the distance between the target and the vehicle
CR. Also, when there 1s a speed difference between a speed of




US 9,354,299 B2

9

the vehicle CR and a speed of the target, a difference corre-
sponding to a Doppler shift 1s caused 1n the reception signal
RX relative to the transmission signal TX.

At the middle of FIG. 3, a beat frequency resulting from a
difference between the transmission signal TX and the recep-
tion signal RX 1s shown, and a vertical axis indicates a ire-
quency [kHz] and a horizontal axis indicates time [msec]. For
example, 1n the section Ul, a beat frequency BF1 1s derived,
and 1n the section D1, a beat frequency BF2 1s derived. In this
way, the beat frequency 1s derived in each section.

At the lower of FIG. 3, a beat signal corresponding to the
beat frequency 1s shown, a vertical axis indicates an ampli-
tude [ V] and a horizontal axis indicates time [msec]. In FIG.

3, an analog beat signal BS corresponding to the beat fre-
quency 1s shown. The beat signal BS 1s filtered in the LPF 16
that will be described later and 1s then converted into digital
data by the AD converter 17. Meanwhile, FIG. 3 shows the
beat signal BS corresponding to the reception signal RX that
1s recerved from one reflection point. However, when the
transmission wave corresponding to the transmission signal
TX 1s reflected at a plurality of reflection points and 1is
received at the reception antenna 14 as a plurality of reflected
waves, signals corresponding to the reflected waves are gen-
erated as the reception signal RX. In this case, the beat signal
BS indicating a difference between the transmission signal
TX and the reception signal RX 1s a signal that 1s obtained by
combining respective differences between the plurality of
reception signals RX and the transmission signal TX.

After the beat signal BS 1s converted into the digital data by
the AD converter 17, the digital data 1s FFT-processed for
cach of the UP and DOWN sections by the signal processing
unit 18, so that FFT data having a signal level value and phase
information 1s acquired for each frequency of the beat signal
BS. Also, the FFT data 1s acquired for each of the reception
antennas 14a to 144.

The longitudinal distance, relative speed and transverse
distance of the target with respect to the vehicle CR are
derived using the plurality of FFT data derived as described
above. Particularly, regarding the derivation of the angle,
when a calculation method such as a spatial average 1s per-
formed, the plurality of FFT data 1s used for the calculation,
so that 1t 1s possible to derive the correct angle information.

The longitudinal distance of the target with respect to the
vehicle CR 1s derived by an equation (1) and the relative speed
of the target relative to the vehicle CR 1s derived by an equa-
tion (2). Also, the angle of the target with respect to the
vehicle CR 1s dertved by an equation (3). From the angle
derived by the equation (3) and the longitudinal distance
information of the target, the transverse distance of the target
with respect to the vehicle CR 1s derived by a calculation
using a trigonometric function.

|Equation 1]
_ (pr-I_de)'C (l)
C2X(EXAFX f,)
|Equation 2]
V= (fup _fdn)'C (2)
C2X(EXAFX )
|Equation 3]
Qup + an (3)
0, = 5

Returming back to FIG. 2, the LPF (Low Pass Filter) 16 1s
a filter that reduces a frequency component higher than a
predetermined frequency without reducing a frequency com-
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ponent lower than the predetermined frequency. In the mean-
time, like the mixer 15, the LPF 16 1s provided for each
reception antenna.

The AD converter 17 samples the beat signal, which 1s an
analog signal, with a predetermined cycle, thereby deriving a
plurality of sampling data. Then, the AD converter quantizes
the sampled data to thus convert the beat signal of the analog
data into digital data, thereby outputting the digital data to the
signal processing unit 18. In the meantime, the AD converter
17 1s also provided for each reception antenna, like the mixer
15.

The signal processing unit 18 1s a computer having a CPU
181 and a memory 182, performs the FFT processing for the
beat signal of the digital data output from the AD converter 17
to thus acquire the FFT data and extracts a signal having a
signal level value exceeding a predetermined threshold from
the beat signal of the FFT data, as a peak signal. The signal
processing unit 18 derives the target information of the target
by pairing the peak signal of the UP section and the peak
signal of the DOWN section. Also, the signal processing unit
18 performs processing of determining whether the extracted
peak signal 1s a ghost peak corresponding to a target that does
not actually exist and excluding target information corre-
sponding to a peak signal of a ghost from an output object of
the radar apparatus.

The memory 182 stores therein execution programs for a
variety of calculation processing and the like that are executed
by the CPU 181. Also, the memory 182 stores therein the
plurality of target information derived by the signal process-
ing unit 18. For example, the memory stores therein the target
information (the longitudinal distance, transverse distance
and relative speed of the target) dertved 1n past processing and
in this time processing. Also, the memory 182 stores therein
FFT data 182a that 1s acquired by the FF'T processing. In the
FFT data 182a, the FF'T data of the past target deriving pro-
cessing 1s stored including the FFT data of this time target
deriving processing.

The transmission control unit 107 1s connected to the signal
processing unit 18 and outputs a control signal to the signal
generation unit 11 generating a modulation signal, based on a
signal from the signal processing unit 18. Also, the transmis-
s1on control unit 107 outputs a control signal to the switching
umt 131, to which any one of the transmission antenna 13a
and the transmission antenna 135 and the oscillator 12 are
connected, based on a signal from the signal processing unit
18.

The vehicle control device 2 controls operations of various
devices of the vehicle CR. That 1s, the vehicle control device
2 acquires information from the various sensors such as the
vehicle speed sensor 40 and the steering sensor 41. The
vehicle control device 2 operates a variety of devices such as
the brake 50 and the throttle 51 to thus control behaviors of the
vehicle CR, based on the information acquired from the vari-
ous sensors and the target information acquired from the
signal processing unit 18 of the radar apparatus 1.

An example of the vehicle control that 1s performed by the
vehicle control device 2 1s as follows. The vehicle control
device 2 performs control of enabling the vehicle CR to
follow up a preceding vehicle that 1s traveling at the front of
the vehicle CR 1n an own traffic lane in which the vehicle CR
1s traveling. Specifically, as the vehicle CR travels, the vehicle
control device 2 performs ACC (Adaptive Cruise Control)
control of controlling at least one of the brake 50 and the
throttle 51 and thus enabling the vehicle CR to follow up the
preceding vehicle at a state where a predetermined inter-
vehicular distance 1s secured between the vehicle CR and the
preceding vehicle.
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Also, an example of the vehicle control that 1s performed
by the vehicle control device 2 includes performing control of

protecting a passenger in the vehicle CR, 1n preparation for
collision of the vehicle CR with an obstacle. Specifically,
when there 1s a danger that the vehicle CR will collide with an
obstacle, the vehicle control device pertorms the PCS (Pre-
Crash Safety System) control of displaying a warning by
using a warning device (not shown) to a user of the vehicle CR
or controlling the brake 50 to thus lower the speed of the
vehicle CR. Also, the vehicle control device 2 performs the
PCS control of fastening a passenger to a seat by a seat belt in
the vehicle or fixing a headrest to thus reduce damage to auser
of the vehicle CR, which 1s caused due to shock upon the
collision.

The vehicle speed sensor 40 outputs a signal corresponding
to the speed of the vehicle CR, based on the number of
revolutions of an axle of the vehicle CR. The vehicle control
device 2 acquires a current vehicle speed, based on the signal
from the vehicle speed sensor 40.

The steering sensor 41 detects a rotating angle of a steering,
wheel resulting from an operation of a driver of the vehicle
CR and transmits the angle information of the vehicle body of
the vehicle CR to the vehicle control device 2.

The brake 50 decelerates the speed of the vehicle CR in
response to an operation of the driver of the vehicle CR. Also,
the brake 50 decelerates the speed of the vehicle CR under
control of the vehicle control device 2. For example, the brake
decelerates the speed of the vehicle CR so that the distance
between the vehicle CR and the preceding vehicle 1s kept

constant.

The throttle 51 accelerates the speed of the vehicle CR in
response to an operation of the driver of the vehicle CR. Also,
the throttle 51 accelerates the speed of the vehicle CR under
control of the vehicle control device 2. For example, the
throttle 51 accelerates the speed of the vehicle CR so that the
distance between the vehicle CR and the preceding vehicle 1s
kept constant.

1-2. Overall Processing

FIGS. 4 to 6 are flow charts of target information deriving,
processing that 1s executed by the signal processing unit 18.
First, the signal processing unit 18 outputs an 1nstruction
signal for generating a transmission wave to the transmission
control unit 107 (step S101). Then, the signal generation unit
11 1s controlled by the transmission control unit 107 to which
the 1nstruction signal 1s mnput from the signal processing unit
18, and a transmission wave corresponding to the transmis-
sion signal TX 1s generated. The generated transmission wave
1s output to the outside of the vehicle.

Then, the reception antenna 14 recerves a retlected wave
coming from a target at which the transmission wave 1s
reflected, and the reception signal RX corresponding to the
reflected wave and the transmission signal TX are mixed by
the mixer 135, so that a beat signal, which 1s a difference signal
between the transmission signal and the reception signal, 1s
generated. Then, the beat signal BS that 1s an analog signal 1s
filtered by the LPF 16, 1s converted into digital data by the AD
converter 17 and 1s then input to the signal processing unit 18.

The signal processing unit 18 performs the FFT processing
for the beat signal of the digital data (step S102) and acquires
the FFT data having signal level values of the beat signals
with respect to each frequency.

Then, the signal processing unit 18 extracts, as a peak
signal, a beat signal having a signal level value exceeding a
predetermined threshold from the beat signals of the FF'T data
(step S103). Meanwhile, 1n this processing, the peak signals
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ol all sections of the UP sections and the DOWN sections
corresponding to the two cycles of the transmission period are
extracted and the number of peak signals 1s decided.

Then, the signal processing unit 18 performs hysteresis
peak extraction processing ol extracting a peak signal having
temporal continuity with a target dertved 1n the past target
deriving processing from the peak signals extracted in the
peak extraction processing (step S104).

Then, from the speed information of the vehicle CR output
from the vehicle speed sensor 40, the signal processing unit
18 performs processing of extracting a peak signal of each
section, 1n which a frequency difference between the peak
signal of the UP section and the peak signal of the DOWN
section corresponds to the speed, as a peak signal correspond-
ing to a stationary object (step S105). Here, the stationary
object means a target having the substantially same relative
speed as the speed of the vehicle CR. Also, a target that moves
at a specific speed and has a different relative speed from the
speed of the vehicle CR 1s hereinafter referred to as a moving
object.

In the meantime, the reason to perform the hysteresis peak
extraction (step S104) and the stationary object peak extrac-
tion (step S105) 1s that the signal processing unit 18 1s to
select a peak signal corresponding to a target that should be
preferentially output to the vehicle control device 2. For
example, the peak signal of the target of this time processing
having temporal continuity with the target derived in the
previous time processing may have a high priority because
there 1s a high probability that a target actually exists, com-
pared to anewly derived target that has not been derived 1n the
previous time processing, and also may have a high priority
because a peak signal corresponding to a moving object has a
high possibility that the moving object will collide with the
vehicle CR, compared to a peak signal corresponding to a
stationary object.

In each of the UP and DOWN sections, the signal process-
ing unit 18 performs an azimuth calculation, based on the
peak signals (step S106). Specifically, the signal processing
unit 18 derives an azimuth (angle) of the target by a predeter-
mined azimuth calculation algorithm. For example, the azi-
muth calculation algorithm 1s an ESPRIT (Estimation of Sig-
nal Parameters wvia Rotation Invariance Techmiques),
calculates an eigenvalue of a correlation matrix, an eigenvec-
tor and the like from the phase information of the reception
signals received at the respective reception antennas 14a to
144 and derives an angle Oup corresponding to a peak signal
of the UP section and an angle 0dn corresponding to a peak
signal of the DOWN section. When the respective peak sig-
nals of the UP and DOWN sections are paired, an angle of the
target 1s derived by the equation (3). Also, the frequency
information of one peak signal corresponds to the informa-
tion on the distance and relative speed of the target. However,
the frequency of one peak signal may include a plurality of
target information. For example, regarding the position infor-
mation of the target with respect to the vehicle CR, a plurality
of target information of which the distances are the same and
the angles are different may be included 1n the peak signal of
the same frequency. In this case, the phase information of a
plurality of reflected waves coming at different angles
becomes different phase information, respectively. There-
fore, the signal processing unit 18 derives a plurality of target
information existing at different angles for one peak signal,
based on the phase information of the respective retlected
waves.

Here, when performing the azimuth calculation, a phase
may be 360°-rotated depending on the angle of the target, so
that information of an angle different from an original angle at
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which the target exists may be deritved. Specifically, for
example, when the phase information of the retlected wave
from a target, which 1s received at the reception antenna, 1s
420°, even though an actual target exists in the area of the
beam pattern BA, other than the beam pattern NA shown in
FIG. 1, the actual target may be determined that the phase
information 1s 60°) (420°-360° due to the phase fold-back,
and false angle information that the target exists in the area of
the beam pattern NA not included 1n the beam pattern BA may
be derived. Theretore, the transmission waves of the two
beam patterns are output from the transmission antennas 13a,
135, so that a correct angle of the target 1s derived.

Specifically, an angle 1s dertved as follows, based on the
reflected waves with respect to the transmission waves of the
respective beam patterns. When the phase information of the
reflected wave 1s 60°, the signal level values of angle spectra
corresponding to the reflected wave of the transmission wave
output from the transmission antenna 13a and the reflected
wave ol the transmission wave output from the transmission
antenna 135 are compared. When the signal level value of the
angle spectrum corresponding to the retlected wave of the
transmission wave output from the transmission antenna 134
1s larger, an angle corresponding to the phase information of
60° 1n the area of the beam pattern NA except for the area of
the beam pattern BA 1s dertved as a target angle. Also, when
the signal level value of the angle spectrum corresponding to
the reflected wave of the transmission wave output from the
transmission antenna 135 1s larger, an angle corresponding to
the phase information of 420° 1n the area of the beam pattern
BA except for the area of the beam pattern NA 1s dertved as a
target angle. In this way, by the transmission waves of two
cycles of the transmission signal TX, the transmission waves
of the different beam patterns are output every cycle, so that 1t
1s possible to prevent the false angle information of the target
from being dertved due to the phase fold-back upon the azi-
muth calculation.

Then, the signal processing umt 18 performs pairing pro-
cessing ol pairing the peak signals of the UP and DOWN
sections (step S107). For the hysteresis peak signals extracted
in the hysteresis peak extraction processing (step S104) from
all the peak signals derived 1n the processing of step S103, the
pairing processing 1s performed between the hysteresis peak
signal of the UP section and the hysteresis peak signal of the
DOWN section. Also, for the stationary object peak signal
extracted 1n the stationary object peak extraction processing
(step S105), the pairing processing 1s performed between the
stationary object peak signal of the UP section and the sta-
tionary object peak signal of the DOWN section. Also, for the
other peak signals except for the hysteresis peak signals and
stationary object peak signals of all the peak signals extracted
in the peak extraction processing, the pairing processing 1s
performed between the other peak signals of the UP section
and the other peak signals of the DOWN section.

In the meantime, the pairing processing between the peak
signal of the UP section and the peak signal of the DOWN
section 1s performed through a calculation of using a Mahal-
anobis distance, for example. Specifically, a plurality of nor-
mal-paired data paired 1n a correct combination and mis-
paired data paired 1in an incorrect combination during the
experimental pairing between the peak signal of the UP sec-
tion and the peak signal of the DOWN section betfore the radar
apparatus 1 1s mounted on the vehicle CR 1s acquired. Then,
from three parameter values of ‘a difference of signal level
values’, ‘a difference of angle values” and ‘a difference of
signal level values of angle spectra’ between the peak signal
of the UP section and the peak signal of the DOWN section 1n
the plurality of normal-paired data, average values are
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derived for each of the three parameters of the plurality of
normal-paired data and are then stored in the memory 182 in
advance.

After the radar apparatus 1 1s mounted on the vehicle CR,
when the signal processing umt 18 derives the target infor-
mation, it derives a Mahalanobis distance with an equation (4)
by using the three parameter values of all combinations of the
peak signals of the UP section and the peak signals of the
DOWN section of the peaks signals of the FFT data acquired
in this time processing and the average values for each of the
three parameters of the plurality of normal-paired data. The
signal processing unit 18 derives, as the normal-paired data,
paired data of this time processing having a minimum Mahal-
anobis distance. Here, the Mahalanobis distance 1s a distance
for one group expressed by a multivariable vector x=(x1, x2,
x3) where an average p=(ul, n2, 9u3)’ and a covariance
matrix 1s E, and 1s dertved by the equation (4). In the mean-
time, ul, u2 and u3 indicate the three parameter values of the
normal-paired data and x1, x2 and x3 indicate the three
parameter values of the paired data of this time processing.

[Equation 4]

D)= (x—p) "= (x-p1) (4)

Then, the signal processing unit 18 derives a transverse
distance, based on the longitudinal distance, relative distance
and angle of the normal-paired data, by using the parameter
values of the normal-paired data 1n the pairing processing and
the equations (1) to (3).

Then, the signal processing unit 18 performs continuity
determination processing ol determining whether there 1s a
temporally continuous relation between this time paired data
paired 1n this time target dertving processing and previous
time paired data paired 1n the previous time processing (step
S108). Here, a case where there 1s a temporally continuous
relation (there 1s a continuity) between both the paired data 1s
a case where predicted paired data, which 1s obtained by
predlctmg this time paired data based on previous time paired
data, 1s generated and difference values of the longitudinal
distances, transverse distances and relative speeds included in
this time paired data and the predicted paired data are within
predetermined values. In this case, 1t 1s determined that the
target derived 1n this time processing and the target derived in
the past processing are the same target. In the meantime,
when the plurality of this time paired data 1s within the pre-
determined values, the signal processing unit 18 determines
that this time paired data, which has the smallest difference
value between the predicted paired data and this time paired
data, has a temporally continuous relation with the target
information of the prewous time processing.

Also, when the difference values of the longitudinal dis-
tances, transverse distances and relative speeds included in
this time paired data and the predicted paired data are not
within predetermined values, the signal processing unit 18
determines that there 1s no temporally continuous relation
(there 1s no continuity) between this time paired data and the
previous time target information. The paired data for which 1t
1s determined that there 1s no continuity becomes a target
(heremafiter, referred to as ‘new paired data’) that 1s first
derived 1n this time target deriving processing. In the mean-
time, since the new paired data has no predicted paired data,
the distance, relative speed, angle and signal level value of the
new paired data become information on the distance, relative
speed, angle and signal level value of one target 1n this time
target dertving processing, 1n the filter processing and the like
that will be described later. Also, when 1t 1s determined 1n the
continuity determination that the continuity exists consecu-

it
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tively a predetermined number of times (1.e., when 1t 1s deter-
mined as the same target), the signal processing unit 18 also
performs processing of deciding the detected target as a true
target. The detailed continuity determination processing of
this illustrative embodiment will be described later. Mean-
while, 1n the below, the variety of data such as the paired data
to be used 1n the continuity determination processing may be
also referred to as the target information.

Then, the signal processing unit 18 derives paired data
corresponding to the moving object from the information of
the speed of the vehicle CR and the relative speed of the
paired data (step S109). By this processing, 1t 1s possible to
determine the paired data that should be preferentially pro-
cessed.

When there 1s a temporally continuous relation between
this time paired data and the predicted paired data, the signal
processing unit 18 performs filtering of the longitudinal dis-
tances, relative speeds, transverse distances and signal level
values 1ncluded 1n this time paired data and the predicted
paired data (S110) and derives the filtered paired data (here-
inafter, referred to as ‘past correspondence paired data’) as
the target information of this time processing.

For example, when there 1s a temporally continuous rela-
tion between this time paired data and the predicted paired
data, the signal processing unit 18 performs weighting of a
value 0.75 for the transverse distance of the predicted paired
data and weighting of value 0.25 for the transverse distance of
this time paired data as regards the transverse distance and
derives a sum of both values as a transverse distance of the
past correspondence paired data of this time target deriving
processing. In the meantime, the filtering processing 1s also
performed for the longitudinal distance, relative speed and
signal level value.

Then, the signal processing unit 18 performs up-down
object processing of deriving a stationary object that 1s not
necessary as regards the control of the vehicle CR (step
S111). Specifically, the signal processing unit derives a sta-
tionary object (for example, a road marker of a cantilever or
door-type provided above a roadway) having a position 1n a
vehicle height direction of the vehicle CR that 1s higher than
a predetermined height (for example, higher than the vehicle
height of the vehicle CR). Also, the signal processing unit
derives a stationary object (for example, a road rivet such as
chatter bar having a reflection plate attached thereto that 1s
provided at a center divider or curve of a road) having a
position lower than the vehicle height of the vehicle CR. The
target information of the stationary object derived as
described above 1s removed 1n an unwanted matter removing
processing (which will be described later) and 1s not output to
the vehicle control device 2 from the radar apparatus 1, as the
target information.

In processing (next time processing) that 1s performed next
this time processing, the signal processing unit 18 derives
predicted values (predicted longitudinal distance, predicted
relative speed, predicted transverse distance and the like) of
next time target data, which are used 1n the hysteresis peak
extraction processing (step S104). Specifically, the signal
processing unit dertves 20 target information having a high
priority when performing the vehicle control, calculates pre-
dicted values of the peak signals of the respective UP and
DOWN sections and uses the predicted values 1n the hyster-
esis peak deriving processing of next time processing.
Regarding the priority, when performing the ACC control, a
target having a transverse position equivalent to an own traific
lane 1n which the vehicle CR 1s traveling and having a rela-
tively short longitudinal distance to the vehicle CR has a high
priority and a target having a transverse position equivalent to
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an adjacent traific lane and a relatively long longitudinal
distance to the vehicle CR has a low priority. Also, when
performing the PCS control, a target having a relatively short
time-to-collision (*ITC’) has a high priority and a target
having a relatively long T'TC has a low prionty.

Then, the signal processing unit 18 derives a transverse
distance of the target corresponding to a curve radius from
information on the curve radius of the own traffic lane 1n

which the vehicle CR 1s traveling and the information on the
longitudinal distance and transverse distance of the target.
Specifically, the signal processing unit 18 derives the trans-
verse distance (relative transverse distance) of the target with
respect to the reference axis BL, which virtually changes in a
linear or curved shape depending on the information on the
rotating angle of the steering wheel that 1s input from the
steering sensor 41 as a driver of the vehicle CR operates the
steering wheel (not shown) of the vehicle CR, and derives a
probability that the target exists on the own traflic lane from
two-dimensional map data having relative transverse distance
and longitudinal distance beforehand stored in the memory
182, as parameters, based on the relative transverse distance
and longitudinal distance of the target with respect to the
vehicle CR.

Then, the signal processing unit 18 performs processing of
removing a target, which 1s not necessary to be output to the
vehicle control device 2, for the target information derived in
the past processing (step S114). For example, the signal pro-
cessing unit 18 removes the target information derived 1n the
up-down object processing of step S111, the target informa-
tion ol a ghost peak corresponding to a target that does not
actually exist and caused due to an interference (intermodu-
lation) between a peak signal corresponding to an actual
target existing at a predetermined distance or larger and a
switching noise of a DC-DC converter of a power supply
device of the radar apparatus 1, and the like.

Subsequently, the signal processing unit 18 performs pro-
cessing ol combiming a plurality of target information into
target information corresponding to one object (step S115).
For example, when the transmission wave 1s emitted from the
transmission antenna 13 of the radar apparatus 1 and 1s
reflected on the preceding vehicle, a plurality of retlected
waves 15 received at the reception antenna 14. That 1s, the
reflected waves from a plurality of reflection points of the
same object arrive at the reception antenna 14. As aresult, the
signal processing umt 18 derives a plurality of the target
information having different position information, based on
the respective retlected waves. However, since the plurality of
the target information 1s originally the target information on
one vehicle, the signal processing unit combines the respec-
tive target information as one and treats the combined target
information as the target information on the same object. For
this reason, when the respective relative speeds of the plural-
ity of the target information are substantially the same and the
longitudinal distances and transverse distances of the respec-
tive target information are within the predetermined ranges,
the signal processing unit 18 regards the plurality of the target
information as the target information on the same object and
performs combining processing of combining the plurality of
the target information as the target information correspond-
ing to one target.

Then, the signal processing unit 18 outputs the target infor-
mation having a high priority with respect to the output to the
vehicle control device 2 from the target information combin-

ing-processed in the step S1135 to the vehicle control device 2.

1-3. Continuity Determination Processing

Subsequently, the continuity determination processing
(step S108) of this illustrative embodiment 1s specifically
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described with reference to FIGS. 7 to 21. FIG. 7 1s a flow
chart showing the continuity determination processing. In
this illustrative embodiment, the continuity determination
processing 1s to determine whether, when deriving paired data
of a moving object (hereinatter, referred to as a ‘new moving
object’) as a new target, there 1s a possibility that the paired
data has been falsely paired (mis-paired) for all the paired
data. The determination of determiming whether there 1s a
possibility of the mis-pairing 1s performed by determining,
whether the new moving object exists 1n the vicinity of the
stationary object. The determination of determining whether
the new moving object exists 1n the vicinity of the stationary
object 1s performed by deriving a stationary object (hereinat-
ter, referred to as a ‘reference stationary object’) becoming a
reference and determining whether the paired data of the new
moving object 1s included 1n a predetermined range from the
reference stationary object. For this reason, when the paired
data of the new moving object 1s detected, the signal process-
ing unit first derives the reference moving object (step S121).
Then, the signal processing unit performs reliability determi-
nation processing of the paired data of the new moving object
by using the reference moving object (step S122). The reli-
ability determination processing i1s to determine whether
there 1s a possibility that the detected paired data of the new
moving object has been mis-paired. Then, the signal process-
ing unit performs the continuity determination (target deci-
s10n) processing, depending on aresult of the reliability deter-
mination processing (step S123). The continuity
determination (target decision) processing 1s to decide a tar-
get when a predetermined condition i1s satisfied upon the
continuity determination. In the below, the respective pro-
cessing 1s specifically described.

First, the derivation of the reference stationary object 1s
described with reference to FIGS. 8 to 12. FIGS. 8 and 9 are
flow charts showing processing of deriving a stationary object
and FIGS. 10 to 12 1illustrate the processing of deriving a
stationary object.

The signal processing unit 18 extracts the paired data of the
stationary object from the targets derived in the past and
extracts stationary object paired data of which a target deci-
s10on flag 1s set to be ON (step S131). The target decision tlag
of an ON state indicates that the stationary object paired data
thereot 1s the normal-paired data. The reason 1s that the ref-

erence stationary object 1s necessarily decided as a target of

the stationary object so as to refer to the reference stationary
object.

Then, the signal processing unit 18 extracts stationary
object paired data of which a preceding vehicle tlag is setto be
OFF from the stationary object paired data of which the target
decision flag 1s set to be ON (step S132). The preceding
vehicle flag of an OFF state indicates that a target thereof 1s
not a moving object. This condition 1s a condition for con-
firming the stationary object. Also, the signal processing unit
18 extracts stationary object paired data of which a moving
vehicle flag 1s set to be OFF from the stationary object paired
data of which the preceding vehicle tlag 1s set to be OFF (step
S133). This condition 1s also a condition that 1s the same as the
case where the preceding vehicle flag 1s OFF.

Then, the signal processing unit 18 extracts stationary
object paired data, which exists within a range from 10 m to
50 m from the own vehicle (the radar apparatus 1) in the
vehicle traveling direction, from the extracted stationary
object paired data (step S134). In the meantime, the distance
from the own vehicle to the stationary object can be dertved
from the stationary object paired data. Then, the signal pro-
cessing unit 18 extracts stationary object paired data having
the relative transverse distance with respect to the own
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vehicle, which 1s within a range from -2.0 m to —1.5 m, from
the extracted stationary object paired data (step S133). This 1s
to extract the stationary object paired data within a range in
which a road side object 1s thought to exist, considering a
traffic lane width and the like. In the meantime, the relative
transverse distance with respect to the own vehicle 1s a dis-
tance from a center of the own vehicle (the central axis of the
radar apparatus 1) in the transverse direction, and a leit side
with respect to the traveling direction of the own vehicle 1s
denoted with — (minus) and a right side 1s denoted with +
(plus). The relative transverse distance can be also derived
from the stationary object paired data.

In the meantime, the stationary object paired data that does
not satisiy any one condition of steps S131 to S135 1s not the
reference stationary object. For this reason, when all the
stationary object paired data decided as the target do not
satisly any one condition of steps S131 to S135, the process-
ing of deriving a reference stationary object 1s not performed.
Also, the sequence of steps S131 to S135 15 not limited thereto
and can be appropriately changed. Resultantly, 1t may be
preferable if the stationary object paired data satistying all the
conditions can be extracted, and the sequence 1s not particu-
larly limited and may be performed at the same time.

When the stationary object paired data satistying the con-
dition of step S135 1s extracted, the signal processing unit
derives a threshold value X (step S136). The threshold value
X 1s a value considering the own traflic lane probability of the
stationary object paired data and 1s a relative transverse dis-
tance that should not be derived as the reference stationary
object. IT the stationary object paired data close to the own
vehicle 1s set as the reference stationary object, even when the
moving object paired data at the periphery of the reference
stationary object 1s a true target, 1t may be determined that the
true target 1s a ghost. In order to avoid this situation, the
stationary object paired data that 1s distant from the own
vehicle 1n the transverse direction by a predetermined dis-
tance or larger 1s extracted as the reference stationary object.
The threshold value X 1s a value that 1s set for the predeter-
mined distance.

Here, a method of deniving the threshold value X 1s
described with reference to FIG. 10. The signal processing
umt 18 derives the own traific lane probability, which 1s
included 1n the stationary object paired data, for each of the
stationary object paired data extracted 1n step S315 and holds
the maximum probability from the derived own traific lane
probabilities. Then, the signal processing unit 18 derives the
threshold value X corresponding to the held maximum prob-
ability. Specifically, as shown in FIG. 10, when the dertved
maximum own traific lane probability 1s within a range from
0% to 40%, the threshold value X 1s 2.0 m and when the

derived maximum own traific lane probability 1s within a
range from 50% to 100%, the threshold value X 1s 1.7 m. Also,

when the dertived maximum own traffic lane probability 1s
above 40% and below 50%, the threshold value X 1s a lin-

carly-interpolated value between 2.0 m and 1.7 m. Thereby,
the threshold value X 1s derived. The threshold value X 1s
derived for each of the extracted stationary object paired data.

Then, returning back to FIG. 9, the signal processing unit
extracts stationary object paired data of which a stationary
object flag 1s set to be ON from the extracted stationary object
paired data (step S137). The reason 1s that the reference
stationary object 1s conditioned as the stationary object. The
signal processing unit extracts stationary object paired data
having an absolute value of the relative transverse distance
larger than the threshold value X from the stationary object
paired data of which the stationary object tlag 1s set to be ON
(step S138). The relative transverse distance 1s a distance
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from the central axis of the radar apparatus 1 mounted on the
vehicle to a position of the stationary object 1n the transverse
direction, and an absolute value of the relative transverse
distance and the above-derived threshold value X are com-
pared. When the absolute value of the relative transverse
distance 1s larger than the threshold value X, 1t indicates that
the stationary object exists at a position more distant {from the
central axis of the radar apparatus 1 than the threshold value
X. Thereby, 1t 1s possible to avoid setting the stationary object
paired data existing 1n the vicinity of the own vehicle as the
reference stationary object.

Then, the signal processing unit extracts stationary object
paired data, which exists at a distance smaller than 200 m
from the radar apparatus 1, from the stationary object paired
data having an absolute value of the relative transverse dis-
tance larger than the threshold value X (step S139). This 1s to
exclude a distant stationary object. From the stationary object
paired data satisfying the conditions of the respective pro-
cessing, the signal processing unit decides the stationary
object paired data existing at the closest position to the own
vehicle, 1.e., having the smallest absolute value of the relative
transverse distance, as the reference stationary object (step
5140). Thereby, the reference stationary object 1s dertved.

On the other hand, the stationary object paired data, which
does not satisly any one condition of steps S137 to S139, 1s
not the reference stationary object. Thus, when the conditions
are not satisfied, the processing of deriving a reference sta-
tionary object 1s not performed. Also, the sequence of steps
S137 to S139 1s not limited thereto and can be appropriately
changed.

Here, the processing of deriving a reference stationary
object 1s described with reference to FIGS. 11 and 12. As
shown 1n FIGS. 11 and 12, the new moving object paired data
M1 1s detected 1n a situation where a road side object Re such
as a guard rail and a tunnel wall 1s present at a left road side
band of the trailic lance rol 1n which the own vehicle CR 1s
traveling.

In FIG. 11, the stationary object paired data S1 to S6
satistying the conditions of the respective flags 1s extracted as
the execution result of steps S131 to S133. From the extracted
stationary object paired data S1 to S6, the stationary object
paired data S1 to S5 1s extracted as the stationary object paired
data existing at a distance of 10 m or longer and below 50 m
from the radar apparatus 1. Also, from the stationary object
paired data S1 to S3, the stationary object paired data S1 to S35
1s extracted as the stationary object paired data existing at the
relative transverse distance of 2.0 m or longer and below 1.5
m.

Then, 1 FIG. 12, a case 1s exemplified 1n which all the
stationary object flags of the stationary object paired data S1
to S5 are ON and all the threshold values X of the stationary
object paired data S1 to S5 are 1.7 m. The relative transverse
distances of the respective stationary object paired data S1 to
S5 and the threshold values X are compared and the stationary
object paired data S2 to S4 having the relative transverse
distance larger than 1.7 m 1s extracted. Then, from the
extracted stationary object paired data S2 to S4, the stationary
object paired data S2 existing at the position closest to the
own vehicle 1s extracted as the reference stationary object.

Meanwhile, 1n the descriptions of FIGS. 8 to 12, the sta-
tionary object paired data existing at the leit side of the own
vehicle has been exemplified. However, the reference station-
ary object can be derived for the stationary object paired data
existing at the right side of the own vehicle by the same
method.

Returming back to FIG. 7, when the reference stationary
object 1s dertved, the signal processing unit 18 performs reli-
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ability determination (step S122). Thus, the detailed reliabil-
ity determination processing 1s described with reference to
FIG. 13. FIG. 13 1s a flow chart showing the reliability deter-
mination processing.

The reliability determination processing 1s to determine
whether there 1s a possibility that the paired data of the mov-
ing object detected as the new target 1s a false pairing. That 1s,
the reliability 1s determined based on a possibility that the
pairing 1s true or false. When there 1s a possibility of the false
pairing, 1t 1s determined that the reliability 1s low. In this
illustrative embodiment, i1t 1s determined whether the new
moving object paired data exists within a predetermined
range on the basis of the position of the reference stationary
object. In the below, the processing 1s specifically described.

First, the signal processing unit 18 extracts the moving
object paired data from the newly detected paired data. That
1s, the signal processing unit extracts the moving object
paired data of which the stationary object tlag 1s set to be OFF
(step S141). When the stationary object flag 1s set to be OFF,
it means that the corresponding paired data 1s the moving
object paired data. Therefore, the signal processing unit pro-
ceeds to processing (steps S142 to S144) of determining
whether a position of the new moving object paired data 1s
included within a predetermined range.

Specifically, the signal processing unit 18 determines
whether a pair relative transverse distance of the new moving
object paired data 1s a threshold value A or larger and a
threshold value B or smaller (step S142). The pair relative
transverse distance 1s a relative transverse distance that 1s
derived from the new moving object paired data and 1s 1nfor-
mation 1ndicative of a distance from the central axis of the
radar apparatus 1 in the transverse direction. The relative
transverse distance 1s a distance that 1s derived on the basis of
the longitudinal distance and angle information derived from
the paired data of the new moving object.

Also, the threshold value A and the threshold value B are
threshold values for determining whether the new moving
object paired data exists in the vicinity of the reference sta-
tionary object. The threshold value A and the threshold value
B are distances 1n the transverse direction on the basis of the
position of the reference stationary object. The threshold
value A 1s a distance 1n a direction getting away {rom the own
vehicle and the threshold value B 1s a distance 1n a direction
coming close to the own vehicle. In this illustrative embodi-
ment, the threshold value A 1s 3.0 m and the threshold value B
1s 1.5 m. That 1s, the signal processing unit 18 determines
whether the pair relative transverse distance 1s included 1n a
range from 3.0 m 1n a direction getting away from the own
vehicleto 1.5 m 1n a direction coming close to the own vehicle
on the basis of the position of the reference stationary object.
Thereby, it 1s determined whether the new moving object
paired data 1s in the vicinity of the reference stationary object.
When this condition 1s satisfied, the signal processing unit
determines that the new moving object paired data 1s 1in the
vicinity of the reference stationary object and proceeds to
processing of step S145. In the meantime, the threshold value
A and the threshold value B can be appropriately set.

When the pair relative transverse distance 1s not within the
range from the threshold value A to the threshold value B, the
signal processing unit 18 determines whether a pair UP rela-
tive transverse distance of the new moving object paired data
1s the threshold value A or larger and the threshold value B or
smaller (step S143). The pair UP relative transverse distance
1s a relative transverse distance that i1s derived, based on the
longitudinal distance and angle information derived from the
peak signal of the UP section of the new moving object paired
data. The processing of comparing the threshold value A and
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the threshold value B 1s the same as step S142. When this
condition 1s satisfied, the signal processing unit determines
that the new moving object paired data 1s 1n the vicinity of the

reference stationary object and proceeds to processing of step
S145.

On the other hand, when the pair UP relative transverse
distance 1s not the threshold value A or larger and the thresh-
old value B or smaller, the signal processing unit 18 deter-
mines whether a pair DOWN relative transverse distance of

the new moving object paired data 1s the threshold value A or
larger and the threshold value B or smaller (step S144). The
pair DOWN relative transverse distance 1s a relative trans-
verse distance that 1s derived based on the longitudinal dis-
tance and angle information dertved from the peak signal of
the DOWN section of the new moving object paired data. The
processing of comparing the threshold value A and the thresh-
old value B 1s the same as step S142. When this condition 1s
satisiied, the signal processing umt determines that the new
moving object paired data 1s in the vicinity of the reference
stationary object and proceeds to processing of step S145.

That 1s, when any one of the pair relative transverse dis-
tance, the pair UP relative transverse distance and the pair
DOWN relative transverse distance 1s the threshold value A or
larger and the threshold value B or smaller, the signal pro-
cessing unit determines that the new moving object paired
data 1s 1n the vicinity of the reference stationary object and
continues to perform the reliability determination processing.
On the other hand, when all the relative transverse distances
are not the threshold value A or larger and the threshold value
B or smaller, the signal processing unit determines that the
new moving object paired data i1s the moving object paired
data that does not exist in the vicinity of the reference station-
ary object, and proceeds to the continuity determination pro-
cessing without performing the reliability determination pro-
cessing (D in FIG. 13).

Here, the processing of step S142 1s described with refer-
ence to FIG. 14. FIG. 14 shows that the stationary object
paired data S2 1s dertved as the reference stationary object and
the threshold value A 1s 3.0 m and the threshold value B1s 1.5
m on the basis of the position of the stationary object paired
data S2. In the example of FIG. 14, the relative transverse
distance of the new moving object paired data M1 1s included
in the range of 1.5 m from the position of the reference
stationary object S2 towards the own vehicle, so that the
condition 1s satisfied. In this case, 1t 1s thus determined that the
new moving object paired data M1 exists in the vicinity of the
stationary object. Steps S143 and S144 are also the same.

Returming back to FIG. 13, when 1t 1s determined that the
new moving object paired data exists 1n the vicinity of the
stationary object, the signal processing unit 18 determines
whether the own tratfic lane 1s a line or curve on the basis of
the information of the curve radius (curve R) acquired from
the steering sensor 41 (step S143). Specifically, the signal
processing unit 18 determines whether an absolute value of
the curve R 1s larger than 1,000 m. When 1t 1s determined that
the curve R 1s larger than 1,000 m, the signal processing unit
18 determines that the own traffic lane 1s a line, and sets a
stationary object vicinity flag (line) to be ON (step S146). On
the other hand, when it 1s determined that the curve R 1s 1,000
m or smaller, the signal processing unit 18 determines that the
own traffic lane 1s a curve, and sets a stationary object vicinity
flag (curve) to be ON (step S147).

The case where the stationary object vicinity tlag (line) 1s
set to be ON indicates that the new moving object paired data
exists 1n the vicinity of the stationary object and that there 1s
a possibility that the new moving object paired data has been
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talsely paired. That 1s, it 1s a case where the signal processing
unit 18 determines that the reliability of the new moving
object paired data 1s low.

Returning back to FIG. 7, when the reliability 1s deter-
mined, the signal processing unit 18 performs the continuity
determination (target decision) processing (step S123). The
detailed continuity determination (target decision) process-
ing 1s described with reference to FIG. 15. FIG. 15 1s a flow
chart showing the continuity determination (target decision)
processing. The outline of the continuity determination (tar-
get decision) processing has been described above. In this
illustrative embodiment, however, the continuity determina-
tion (target decision) processing includes processing of, when
it 1s determined that the moving object paired data has the
continuity consecutively a predetermined number of times
(that the moving object paired data 1s the same target), decid-
ing that the moving object paired data is a true target. In the
below, the detailed processing 1s described.

The signal processing unit 18 determines whether the new
moving object paired data 1s detected 1n this time scanning
(step S148). When 1t 1s determined that the new moving
object paired data 1s detected, the signal processing unit 18
sets a continuity counter to be zero (0) (step S149) and pro-
ceeds to next processing (E 1 FIG. 15). The continuity
counter 1s a counter that, when 1t 1s determined that there 1s a
continuity between the moving object paired data detected by
previous time scanning and the moving object paired data
detected by this time scanning, increases the count by one (1).

When 1t 1s determined that the moving object paired data
detected by this time scanning 1s not the new moving object
paired data, the signal processing unit 18 determines whether
the moving object paired data detected by this time scannming
1s the moving object paired data of the same target as the
moving object paired data detected by the previous time scan-
ning (step S150). Specifically, the signal processing umt 18
determines the continuity between the moving object paired
data detected by this time scanning and the moving object
paired data detected by the previous time scanning. The con-
tinuity determination method has been described above.
When it 1s determined that there 1s the continuity between the
respective moving object paired data, the signal processing
umt 18 determines that the respective moving object paired
data 1s the moving object paired data of the same target. In the
meantime, a case where the moving object paired data of the
same target 1s not detected indicates a case where there 1s no
continuity and includes a case where the peak signal cannot
be extracted by this time scanning and the paired data cannot
be dertved. In this case, the predicted paired data 1s used as
temporary paired data (hereinafter, this processing 1s referred
to as ‘extrapolation’).

When 1t 1s determined that 1t 1s not possible to detect the
moving object paired data of the same target, the signal pro-
cessing unmt 18 proceeds to non-detection processing (F 1n
FIG. 15). On the other hand, when 1t 1s determined that the
moving object paired data of the same target 1s detected, the
signal processing unit 18 determines whether there 1s a non-
detection scanning (step S151). Specifically, the signal pro-
cessing unit determines whether there 1s a case where the
moving object paired data of the same target as the moving
object paired data detected this time could not be detected
even one time 1n the past scanning. This 1s to change the
method of the target decision processing depending on
whether there was non-detection 1n the past scanning. This
determination 1s made by the signal processing unit 18, based
on the information that indicates the non-detection and 1s
included in the target information.
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When there was the non-detection scanning, the signal
processing unit 18 proceeds to non-detection processing (G in
FIG. 15). On the other hand, when there was no non-detection
scanning, the signal processing unit 18 increases the continu-
ity counter by one (1) (step S152). That 1s, when the moving
object paired data of the same target 1s consecutively detected
without any non-detection after the new moving object paired
data 1s detected, the signal processing unit increases the con-
tinuity counter by one (1). Thereby, the continuity counter
becomes one (1).

Then, the signal processing unit 18 determines whether the
stationary object vicinity flag (line) 1s set to be ON (step
S153). When the moving object paired data 1s detected, the
signal processing unit 18 performs the ON/OFF determina-
tion of the stationary object vicinity tlag (line) every time. In
this step, the signal processing unit checks whether the sta-
tionary object vicinity flag (line) of the moving object paired
data detected 1n this time scanning 1s ON or OFF.

When the stationary object vicinity flag (line) 1s not set to
be ON (s set to be OFF), the signal processing umt 18
determines whether the continuity counter 1s two (2) or larger
(step S154). When the continuity counter 1s not two (2) or
larger, the signal processing unit 18 proceeds to next process-
ing (E 1in FIG. 15). On the other hand, when the continuity
counter 1s two (2) or larger, the signal processing unit 18 sets
a continuous pair decision flag to be ON. The continuous pair
decision tlag 1s set to be ON, so that the detected moving
object paired data 1s decided as a true target (step S156).

On the other hand, when the stationary object vicimity flag
(line)1s setto be ON, the signal processing unit 18 determines
whether the continuity counter 1s four (4) or larger (step
S155). When the continuity counter 1s not four (4) or larger,
the signal processing unit 18 proceeds to next processing (E in
FIG. 15). On the other hand, when the continuity counter 1s
tour (4) or larger, the signal processing unit 18 sets the con-
tinuous pair decision tlag to be ON and decides the detected
moving object paired data as a true target (step S156).

That1s, when the new moving object paired data 1s detected
and the moving object paired data of the same target is
detected consecutively without any non-detection, the signal
processing unit 18 performs the target decision processing,
based on the value of the continuity counter depending on
whether the stationary object vicinity tlag (line) 1s ON or OFF.
More specifically, when the stationary object vicinity flag
(line)1s OFF, the possibility that the mis-pairing 1s caused due
to the influence of the stationary object such as the road side
object 1s low. Hence, when the moving object paired data of
the same target 1s detected consecutively two times after the
new moving object paired data 1s detected, the signal process-
ing unit decides the same as a true target 1n accordance with
the normal processing. In comparison to this, when the sta-
tionary object vicinity flag (line) 1s ON, since there 1s the
possibility that the mis-pairing i1s caused due to the influence
of the stationary object, the continuity determination 1s per-
formed more strictly. That 1s, when the moving object paired
data of the same target 1s detected consecutively four times
aiter the new moving object paired data 1s detected, the signal
processing unit decides the same as a true target while regard-
ing that the possibility of the mis-pairing 1s low. In this way,
in this illustrative embodiment, the method of determining
the target decision 1s changed depending on whether there 1s
the possibility of the mis-pairing.

Also, when 1t 1s not possible to detect the moving object
paired data of the same target by the scanming after detecting,
the new moving object paired data (No 1n step S1350), 11 the
moving object paired data of the same target 1s again detected
by a further scanning thereafter, the continuity determination
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(target decision) processing 1s performed by a method differ-
ent from the above method. In this case, the continuity deter-
mination (target decision) processing 1s performed using a
discontinuity counter. The discontinuity counter 1s a counter
that increases the count by one (1) when there 1s no continuity
between the moving object paired data detected by the pre-
vious time scanning and the moving object paired data
detected by this time scanning and decreases the count by one
(1) when 1t 1s determined that there 1s the continuity. The
discontinuity counter 1s originally a counter that, when the
count value becomes a predetermined value or larger, deter-
mines that the target does not exist any more and loses the
target.

When the moving object paired data of the same target
cannot be detected by the scanning after detecting the new
moving object paired data (1.e., when the paired data 1s
extrapolated), the signal processing unit determines whether
the number of times of the non-detection 1s two times or less
(step S157). In the continuity determination (target decision)
processing, when the moving object paired data of the same
target 1s not detected three times or more by the scanning after
detecting the new moving object paired data, the signal pro-
cessing unit decides the corresponding target as a false target
(1.e., a ghost) (step S158), erases the data and ends the pro-
cessing.

When the number of times of the non-detection 1s two
times or less, the signal processing unit 18 determines
whether the stationary object viciity tlag (line) 1s ON (step
S159). Regarding the stationary object vicmity flag (line), a
result of the stationary object vicimity flag (line) determined
on the basis of the predicted paired data used by the extrapo-
lation may be used and a result of the stationary object vicin-
ity tlag (line) detected most recently may be used. When the
stationary object vicinity tlag (line) 1s set to be OFF, the signal
processing unit 18 sets the discontinuity counter to be two (2)
(step S160) and proceeds to next processing (E 1n FIG. 16).
On the other hand, when the stationary object vicinity flag
(line) 1s set to be ON, the signal processing umt 18 sets the
discontinuity counter to be four (4) (step S1610) and proceeds
to next processing (E 1n FIG. 16).

When the moving object paired data of the same target has
not been detected 1n the past scanning although it 1s detected
(No 1n step S151), the signal processing unit 18 determines
whether the detected moving object paired data 1s the moving
object paired data detected 1n a first scanning after the non-
detection (step S162). Regarding this, the signal processing
unit may determine whether the previous time scanming
results in the non-detection. When the previous time scanning
results in the non-detection, the signal processing unit 18
keeps the discontinuity counter (step S163) and proceeds to
next processing (E in FIG. 17). That 1s, the signal processing
unit keeps the value of the discontinuity counter at two (2) or
four (4) 1n the processing after the non-detection.

On the other hand, when the previous time scanning does
not result 1n the non-detection, the signal processing unit 18
decreases the discontinuity counter by one (1) (step S164).
That 1s, when the moving object paired data 1s detected 1n the
scanning aiter the non-detection and the moving object paired
data of the same target 1s also detected in the consecutive
scanning, the signal processing unit decreases the disconti-
nuity counter by one (1). Then, the signal processing unit 18
determines whether the discontinuity counter 1s one (1) or
smaller (step S165). When the discontinuity counter 1s not
one (1) or smaller, the signal processing unit proceeds to next
processing (E 1 FIG. 18). When the discontinuity counter 1s
one (1) or smaller, the signal processing unit sets the continu-
ous pair decision flag to be ON. The continuous pair decision
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flag becomes ON, so that the detected moving object paired
data 1s decided as a true target (step S166).

In this way, 1n the continuity determination (target deci-
s101) processing, when the moving object paired data 1s not
once detected, 1 the moving object paired data 1s then
detected in the scanning thereatter, the signal processing unit
determines the continuity by using the discontinuity counter.
When the moving object paired data detected consecutively
the predetermined number of times has the continuity (when
it 1s the same target), the moving object paired data 1s decided
as a true target. The predetermined number of times 1is
changed by the ON/OFF state of the stationary object vicinity
flag (line). That 1s, 1n this 1llustrative embodiment, the method
ol determiming the target decision 1s changed depending on
whether there 1s the possibility of the mis-pairing.

Here, the continuity determination (target decision) pro-
cessing 1s specifically described with reference to FIGS. 18 to
21. FIG. 18 shows a case where the stationary object vicinity
flag (line) 1s OFF and the continuity 1s taken from the detec-
tion of the new moving object paired data without the non-
detection during the processing. In FIG. 18, @ indicates this
time scanned data (third target paired data), B indicates data
before one scanning (second target paired data) and 0 1ndi-
cates data before two scanning (first target paired data). When
the new moving object paired data (the first target paired data)
1s detected, the signal processing unit 18 sets the continuity
counter to be zero (0). Then, the signal processing unit 18
detects the second target paired data 1n a next scanming, and
sets the continuity counter to be 1 when 1t 1s determined that
there 1s the continuity between the second target paired data
and the first target paired data. The signal processing unit 18
turther detects the third target paired data in a next scanning,
and sets the continuity counter to be 2 when it 1s determined
that there 1s the continuity between the third target paired data
and the second target paired data. Then, when 1t 1s determined
that the stationary object vicimity tflag (line) of the third target
paired data 1s OFF, the signal processing unit 18 sets the
continuous pair decision flag to be ON. Thereby, the third
target paired data that 1s detected based on the recent this time
scanned data 1s decided as a true target.

Also, FIG. 19 shows a case where the stationary object
vicinity flag (line) 1s OFF and the non-detection occurs during
the processing. In FIG. 19, @ indicates this time scanned data
(fourth target paired data), Bl indicates data before one scan-
ning (third target paired data), 0 indicates data before two
scanning (second target paired data) and A indicates data
betore three scanning (first target paired data). In the mean-
time, the second target paired data 1s predicted paired data
(heremaftter, referred to as ‘extrapolated data’) that 1s
obtained by predicting next time data from the first target
paired data by the extrapolation due to the non-detection.
When the new moving object paired data (the first target
paired data) 1s detected, the signal processing unit 18 sets the
discontinuity counter to be zero (0). Then, the signal process-
ing unit 18 sets the discontinuity counter to be 2 when 1t 1s not
possible to detect the second target paired data having the
continuity from the first target paired data in a next time
scanning. When the third target paired data having the conti-
nuity 1s further detected from the second target paired data (in
this case, the extrapolated data) 1n a next time scanning, the
signal processing unit keeps the discontinuity counter at two
(2). Then, the signal processing unit 18 further detects the
fourth target paired data in a next scanning, and decreases the
continuity counter to one (1) when 1t 1s determined that there
1s the continuity between the fourth target paired data and the
third target paired data. Then, when 1t 1s determined that the
stationary object vicinity tlag (line) of the fourth target paired
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data 1s OFF, the signal processing unit 18 sets the continuous
pair decision flag to be ON. Thereby, the fourth target paired
data that 1s detected based on the recent this time scanned data
1s decided as a true target.

Also, FIG. 20 shows a case where the stationary object
vicinity tlag (line) 1s ON and the continuity 1s taken from the
detection of the new moving object paired data without the
non-detection during the processing. In FIG. 20, @ indicates
this time scanned data (fifth target paired data), l indicates
data before one scanning (fourth target paired data), € 1ndi-
cates data before two scanning (third target paired data), A
indicates data before three scanning (second target paired
data) and V¥ indicates data before four scanning (first target
paired data). When the new moving object paired data (the
first target paired data) 1s detected, the signal processing unit
18 sets the continuity counter to be zero (0). Then, the signal
processing unit 18 detects the second target paired data in a
next scanning, and sets the continuity counter to be one (1)
when it 1s determined that there 1s the continuity between the
second target paired data and the first target paired data. The
signal processing unit 18 detects the third target paired data in
a next scanming, and sets the continuity counter to be two (2)
when 1t 1s determined that there 1s the continuity between the
third target paired data and the second target paired data.
Here, since the stationary object vicinity flag (line) 1s ON, the
signal processing unit 18 does not perform the target decision.
The signal processing unit 18 further detects the fourth target
paired data 1n a next scanning, and sets the continuity counter
to be three (3) when 1t 1s determined that there 1s the conti-
nuity between the fourth target paired data and the third target
paired data. Then, the signal processing unit 18 detects the
fifth target paired data 1n this time scanning, and sets the
contmmty counter to be four (4) when 1t 1s determined that
there 1s the contmmty between the fifth target paired data and
the fourth target paired data. Then, when 1t 1s determined that
the stationary object vicinty flag (line) 1s ON, the signal
processing unit 18 sets the continuous pair decision flag to be
ON. Thereby, the fifth target paired data that 1s detected based
on the recent this time scanned data 1s decided as a true target.

Also, FIG. 21 shows a case where the stationary object
vicinity tlag (line) 1s ON and the non-detection occurs during
the processing. In FIG. 21, @ indicates this time scanned data
(si1xth target paired data), Bl indicates data before one scan-
ning (fifth target paired data), * indicates data before two
scanning (fourth target paired data), A indicates data before
three scanming (third target paired data), V indicates data
before four scanning (second target paired data) and Y indi-
cates data before five scanning (first target paired data). In the
meantime, regarding the second target, the extrapolated data
1s used due to the non-detection.

When the new moving object paired data (the first target
paired data) 1s detected, the signal processing unit 18 sets the
discontinuity counter to be zero (0). Then, the signal process-
ing unit 18 sets the discontinuity counter to be four (4) when
it 1s not possible to detect the second target paired data having
the continuity from the first target paired data in a next time
scanning. When the third target paired data having the conti-
nuity 1s further detected from the second target paired data (in
this case, the extrapolated data) 1n a next time scanning, the
signal processing unit keeps the discontinuity counter at four
(4). Then, the signal processing unit 18 further detects the
fourth target paired data in a next scanning, and decreases the
continuity counter to three (3) when 1t 1s determined that there
1s the continuity between the fourth target paired data and the
third target paired data. Then, the signal processing unit 18
turther detects the fifth target paired data 1n a next scanning,
and decreases the continuity counter to two (2) when 1t 1s
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determined that there 1s the continuity between the fifth target
paired data and the fourth target paired data. Then, the signal
processing unit 18 further detects the sixth target paired data
in a next scanning, and decreases the continuity counter to
one (1) when i1t 1s determined that there 1s the continuity
between the sixth target paired data and the fifth target paired
data. Then, when 1t 1s determined that the stationary object
vicinity flag (line) of the sixth target paired data 1s ON, the
signal processing unit 18 sets the continuous pair decision
flag to be ON. Thereby, the sixth target paired data that 1s
detected based on the recent this time scanned data 1s decided
as a true target.

Meanwhile, 1n general, a possibility that the mis-pairing
will be made consecutively five times 1s low. However, there
1s a possibility that the mis-pairing will be made consecu-
tively three times. For this reason, when the continuity deter-
mination (target decision) processing 1s performed for only
the detected third moving object paired data, 11 the mis-pair-
ing 1s made consecutively three times, the corresponding data
may be falsely decided as a true target. In contrast, 1n this
illustrative embodiment, the continuity determination (target
decision) processing 1s performed at least for the detected
fifth moving object paired data at a condition where there 1s
the possibility of the mis-pairing, so that a false target can be
decided. Thereby, 1t 1s possible to avoid the false detection of
the ghost.

2. Second Illustrative Embodiment

In the below, a second illustrative embodiment 1is
described. The second illustrative embodiment 1s different
from the first illustrative embodiment as regards the continu-
ity determination processing. The configuration of the vehicle
control system and the other processing are the same as the
first 1llustrative embodiment. Thus, the continuity determina-
tion processing 1s mainly described 1n the below.

2-1. Continuity Determination Processing

The detailed continuity determination processing (step
S108) of the second 1llustrative embodiment 1s described with
reference to FIGS. 22 to 25. FIG. 22 1s a flow chart showing
the continuity determination processing. In the continuity
determination processing of this illustrative embodiment,
when a level difference of the reception signals between the
consecutively dertved moving object paired data is large,
processing of determining that there 1s a possibility that the
derived moving object paired data 1s 1s-paired 1s performed
and the continuity determination 1s performed depending on
a result of the determination. That 1s, as shown in FIG. 22, in
the continuity determination processing, the signal process-
ing unit first performs the reliability determination processing
of the detected moving object (step S167). Then, the signal
processing unit performs the continuity determination (target
decision) processing, depending on a result of the rehability
determination (step S168). In the below, the respective pro-
cessing 1s specifically described.

FIG. 23 1s a flow chart showing the reliability determina-
tion processing. The reliability determination processing 1s to
determine whether there 1s a possibility that the detected
moving object paired data 1s mis-paired. First, the signal
processing unit 18 extracts moving object paired data from
the paired data detected 1in the respective scanming. That 1s, the
signal processing unit extracts the paired data of which the
stationary object flag 1s set to be OFF (step S169).

Then, the signal processing unit 18 extracts moving object
paired data of which an absolute value of a difference between
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the previous time distance and this time distance 1s smaller
than 0.7 m from the extracted moving object paired data (step
S170). That 1s, when the difference between the previous time
distance and this time distance 1s too large, a possibility that
the moving object paired data 1s not the paired data of the
same target 1s high. This processing 1s performed by deriving
a difference between the longitudinal distance or transverse
distance derived from the previous time moving object paired
data and the longitudinal distance or transverse distance
derived from this time moving object paired data.

Then, the signal processing unit 18 extracts moving object
paired data of which a maximum value of absolute values of
differences between the previous levels and this time levels 1s
larger than 9 dBV from the extracted moving object paired
data (step S171). Specifically, the signal processing unit 18
derives absolute values of differences between the signal
levels of the angle spectra that are derived from the UP or
DOWN peak signals of the previous time moving object
paired data and the signal levels of the angle spectra that are
derived from the UP or DOWN peak signals of this time
moving object paired data and determines whether a maxi-
mum value of the absolute values 1s larger than 9 dBV. That 1s,
for the comparison, the signal processing unit uses a combi-
nation having the largest difference value of four combina-
tions, 1.¢., the previous time UP peak signal and this time UP
peak signal, the previous time UP peak signal and this time
DOWN peak signal, the previous time DOWN peak signal
and this time UP peak signal and the previous time DOWN
peak signal and this time DOWN peak signal. The reason 1s
that the moving object paired data satistying the correspond-
ing condition has a large difference between the signal level
received 1n the previous time processing and the signal level
received 1n this time processing and has a possibility of the
mis-pairing.

Then, the signal processing unit 18 extracts moving object
paired data that 1s distant from the own vehicle (the radar
apparatus 1) by 90 m or larger from the extracted moving
object paired data (step S172). This 1s to prevent a false
determination because the target distant from the own vehicle
by 90 m or larger has a large deviation of the reception level.

Then, the signal processing unit 18 extracts moving object
paired data of which the reception level derived 1n this time
processing 1s larger than —50 dBV from the extracted moving
object paired data (step S173). Specifically, the signal pro-
cessing unit extracts the moving object paired data of which
the signal level of the angle spectrum derived from this time
moving object paired data 1s larger than -50 dBV. Thus 1s to
exclude a peak that does not reach a predetermined level
because the corresponding peak may be a noise.

Then, when the moving object paired data satisiying all the
conditions 1s extracted, the signal processing unit sets a power
difference-large flag to be ON for the moving object paired
data (step S174). When the power difference-large flag 1s set
to be ON, 1t indicates that there 1s a possibility that the moving
object paired data 1s mis-paired. That 1s, 1t indicates a case
where the signal processing unit 18 determines that the reli-
ability of the detected moving object paired data 1s low. In the
meantime, the values of the respective conditions are not
limited to the above-described values and can be appropri-
ately set.

Returning back to FIG. 22, when the reliability 1s deter-
mined, the signal processing unit 18 then performs the con-
tinuity determination (target decision) processing (step
S168). The detailed continuity determination (target deci-
s10n) processing 1s described with reference to FIG. 24. FIG.
24 15 a flow chart showing the continuity determination (target
decision) processing. An outline of the continuity determina-
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tion processing 1s the same as the first 1llustrative embodi-
ment. Thus, a difference between the second illustrative
embodiment and the first illustrative embodiment 1s mainly
described 1n the below.

First, the signal processing unit 18 determines whether the
paired data detected 1n this time scanning 1s the new moving
object paired data (step S175). When the paired data detected
in this time scanning 1s the new moving object paired data, the
signal processing unit 18 sets the continuity counter to be zero
(0) (step S176). On the other hand, when the paired data
detected 1n this time scanning 1s not the new moving object
paired data, the signal processing unit 18 determines whether
the detected moving object paired data 1s the moving object
paired data of the same target as the moving object paired data
detected 1n the previous time scanning (step S177). The
respective processing 1s the same as the first illustrative
embodiment.

When the detected moving object paired data 1s the moving
object paired data of the same target, the signal processing
unit 18 determines whether the power difference-large flag 1s
set to be ON (step S178). In the meantime, this determination
processing 1s performed only when the new moving object
paired data 1s detected and then the power difference-large
flag has never been set to be ON. When the power difference-
large flag 1s set to be ON, the signal processing unit 18 sets the
discontinuity counter to be five (5) (step S179). In this 1llus-
trative embodiment, since the continuity determination 1s
made after the new moving object paired data 1s detected and
then the moving object paired data 1s detected, the continuity
determination processing 1s performed using the discontinu-
ity counter without using the continuity counter.

In contrast, when the paired data of the same target 1s
detected at the state where the power difference-large tlag 1s
set to be ON, the signal processing umit decreases the discon-
tinuity counter by one (1) (step S180). Then, the signal pro-
cessing unmit 18 determines whether the discontinuity counter
1s one (1) or smaller (step S181). When the discontinuity
counter 1s not one (1) or smaller, the signal processing unit
proceeds to next processing (E 1n FI1G. 24). When the discon-
tinuity counter 1s 1 or smaller, the signal processing unit sets
the continuous pair decision flag to be ON and decides the
detected paired data as a true target (step S182). The steps
S180 to S182 can be performed by the same method as the
first 1llustrative embodiment.

In the meantime, when the paired data of the same target 1s
not detected at the state where the power difference-large flag
1s set to be ON (No 1 step S177), the signal processing unit
determines whether the number of times of the non-detection
1s two times or less (step S183). When the paired data of the
same target 15 not detected three times or more, the signal
processing unit decides the corresponding target as a false
target (1.e., a ghost) (step S184), erases the data and ends the
processing.

When the number of times of the non-detection 1s two
times or less, the signal processing unit 18 determines
whether the power difference-large tlag has been already set
to be ON, by the determination based on the paired data
detected 1n the past (step S185). When the power difference-
large flag 1s set to be OFF, the signal processing unit 18 sets
the discontinuity counter to be two (2) (step S186) and pro-
ceeds to next processing (E 1n FIG. 25). On the other hand,
when the power difference-large flag 1s set to be ON, the
signal processing unit 18 sets the discontinuity counter to be
five (35) (step S187) and proceeds to next processing (E 1n FIG.
25).

That 1s, when the difference of the signal levels of the
moving object paired data consecutively detected 1s large, the
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signal processing unit performs the continuity determination
for the paired data detected thereafter more times than usual
while regarding that there 1s a possibility of the mis-pairing.
Thereby, since 1t 1s possible to retard the target decision of the
moving object paired data, it 1s possible to prevent a ghost
from being falsely detected.

Meanwhile, 1n this 1llustrative embodiment, even when the
difference of the signal levels 1s large, there 1s a possibility
that the moving object paired data 1s a true target. For this
reason, when even a target of which the reliability of the
paired data 1s regarded as to be low satisfies a predetermined
condition, the ON state of the power diflerence-large tlag may
bereleased. In this case, a reserve counter 1s used. The reserve
counter 1s a counter that increases when a Mahalanobis dis-
tance ol the moving object paired data 1s short. The short
Mahalanobis distance includes a possibility that the moving
object paired data 1s normal. Therefore, when the reserve
counter reaches a predetermined count, the power difference-
large tlag 1s set to be OFF while regarding that there 1s no
possibility of the mis-pairing.

First, the signal processing unit 18 sets the reserve counter
to be zero (0) when the new moving object paired data 1s
detected. Then, when the moving object paired data having
low reliability 1s detected as the moving object paired data
having the continuity, the signal processing unit 18 deter-
mines whether the power difference-large tlag of the moving,
object paired data of the same target detected in the past
scanning 1s set to be ON. When 1t 1s determined that the power
difference-large tlag has been already set to be ON, the signal
processing unit determines whether the reserve counter 1s five
(5) or larger. When the reserve counter 1s five (5) or larger, the
signal processing unit 18 sets the power difference-large tlag
of the moving object paired data detected 1n this time scan-
ning to be OFF. On the other hand, when the reserve counter
1s four (4) or smaller, the signal processing unit determines
whether the Mahalanobis distance of the moving object
paired data detected in this time scanning 1s 9 or smaller.
When the Mahalanobis distance 1s 9 or smaller, the signal
processing unit 18 increases the reserve counter by one (1).
When the Mahalanobis distance 1s larger than 9, the signal
processing unit does not increase the reserve counter.
Thereby, when even the moving object paired data that 1s
regarded as to have the possibility of the mis-pairing has a
high possibility of the normal pairing, 1t 1s possible to prevent
the decision of the true target from being delayed.

3. Third Illustrative Embodiment

In the below, a third 1llustrative embodiment 1s described.
The third illustrative embodiment 1s different from the
respective 1llustrative embodiments as regards the continuity
determination processing. The configuration of the vehicle
control system and the other processing are the same as the
first 1llustrative embodiment. Thus, the continuity determina-
tion processing 1s mainly described 1n the below.

3-1. Continuity Determination Processing

The detailed continuity determination processing (step
S108) of the third illustrative embodiment 1s described with
reference to FIGS. 26 to 29. FIG. 26 1s a flow chart showing
the continuity determination processing. In the continuity
determination processing of this illustrative embodiment,
when a sum of the Mahalanobis distances of the moving
object paired data for which the continuity has been deter-
mined 1s large, processing of determining that there 1s a pos-
sibility that the derived moving object paired data 1s mis-
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paired 1s performed and the continuity determination 1s
performed depending on a result of the determination. That 1s,
in the continuity determination processing of this illustrative
embodiment, the reliability determination processing 1is
included 1n the continuity determination (target decision)
processing. In the below, the processing 1s specifically
described.

First, the signal processing unit 18 determines whether the
paired data detected 1n this time scanning is the new moving,
object paired data (step S188). When the paired data detected
in this time scanning 1s the new moving object paired data, the
signal processing unit 18 sets the continuity counter to be zero
(0) (step S189). On the other hand, when the paired data
detected 1n this time scanning 1s not the new moving object
paired data, the signal processing unit 18 determines whether
the detected target 1s the moving object paired data of the
same target as the moving object paired data detected in the
previous time scanning (step S190). When the moving object
paired data ol the same target as the moving object paired data
detected 1n the previous time scanning is detected, the signal
processing unit determines whether there 1s a case where the
moving object paired data of the same target could not be
detected in the past scanning (step S191). The respective
processing 1s the same as the first 1llustrative embodiment.

When it 1s determined that there 1s no case where the
moving object paired data of the same target could not be
detected 1n the past scanning (1.e., the moving object paired
data of the same target 1s consecutively detected without the
non-detection), the signal processing unit 18 increases the
continuity counter by one (1) (step S192). Then, the signal
processing unit 18 determines whether the continuity counter
1s two (2) or smaller (step S193). When the continuity counter
1s two (2) or smaller, the signal processing unit performs the
reliability determination processing (step S194). When the
continuity counter 1s not two (2) or smaller, the signal pro-
cessing unit proceeds to next processing (step S195) without
performing the reliability determination processing.

Here, the reliability determination processing 1s described.
FIG. 29 1s a flow chart showing the reliability determination
processing. When the continuity counter 1s two (2) or smaller,
the signal processing unit 18 derives a sum of the Mahalano-
bis distances (step S209). The case where the continuity
counter 1s two (2) or smaller includes a case where the new
moving object paired data 1s detected and then the moving
object paired data detected in a next time scanning 1s deter-
mined as to have the continuity and a case where the moving
object paired data further detected in a next time scanning 1s

determined as to have the continuty. Therefore, the signal
processing unit 18 derives and sums t

he Mahalanobis dis-
tances from the moving object paired data of the two or three
targets including the new moving object paired data.

Then, the signal processing unit 18 determines whether the
stationary object tlag 1s OFF from the moving object paired
data detected this time (step S210). This 1s to confirm the
moving object paired data. When the moving object paired
data 1s determined, the signal processing unit 18 determines
whether an absolute value of the relative transverse distance
derived from the moving object paired data detected this time
1s 2.0 m or larger (step S211). The reason 1s that the moving
object paired data existing on a traflic lane except for the own
traffic lane 1s targeted. That 1s, 1f even the moving object
paired data existing on the own traffic lane 1s targeted, the
target decision of the moving object paired data to be detected
as a preceding vehicle may be delayed or a false target may be
erroneously decided.

Then, the signal processing unit 18 determines whether the
distance derived from the moving object paired data 1s 50 m or

10

15

20

25

30

35

40

45

50

55

60

65

32

shorter (step S212). This 1s to exclude the moving object
paired data distant from the own vehicle. Then, the signal
processing unit 18 determines whether the sum of the Mahal-
anobis distances derived from the moving object paired data
satisiying the conditions of steps S210 to S212 1s 25 or larger
(step S213). As the Mahalanobis distance i1s smaller, it
approaches a true value and the reliability of the moving
object paired data 1s higher. Therefore, when the Mahalanobis
distance 1s larger than a predetermined value, the signal pro-
cessing unit 18 determines that the reliability 1s low. That 1s,
the signal processing unit 18 determines that the moving
object paired data having the Mahalanobis distance sum o1 25
or larger has the low reliability and sets a low reliability flag
to be ON (step S214).

On the other hand, since the moving object paired data that
does not satisty any one condition of steps S210 to S213 1s not
a target for which the reliability determination 1s performed or
1s a target having high reliability, the signal processing unit 18
sets the low reliability flag to be OFF (step S215). In the
meantime, the values of the respective conditions are not
limited to the above and can be appropriately set.

Returning back to FIG. 26, the signal processing umit 18
determines whether the low reliability tlag 1s ON (step S195).
When the low reliability flag 1s not ON, the signal processing
unit 18 determines whether the continuity counter 1s two (2)
or larger (step S196). When the continuity counter 1s two (2)
or larger, the signal processing unit sets the continuous pair
decision flag to be ON and decides the detected moving object
paired data as a true target (step S198). On the other hand,
when the continuity counter 1s not two (2) or larger, the signal
processing unit proceeds to next processing (E 1 FIG. 26).

On the other hand, when the reliability flag 1s ON, the
signal processing unit 18 determines whether the continuity
counter 1s four (4) or larger (step S197). When the continuity
counter 1s four (4) or larger, the signal processing unit sets the
continuous pair decision flag to be ON and decides the
detected moving object paired data as a true target (step
S198). On the other hand, when the continuity counter is not
tour (4) or larger, the signal processing unit proceeds to next
processing (E i FIG. 26).

Meanwhile, when it 1s determined 1n step S190 that the
moving object paired data of the same target as the moving
object paitred data detected 1n the previous time scanning 1s
not detected (I in FIG. 26), the signal processing unit 18
determines whether the number of times of the non-detection
1s two times or less (step S199). When the number of times of
the non-detection 1s not two times or less, the signal process-
ing unit 18 decides the detected moving object paired data as
a lalse target (step S196) and ends the processing. Also, when
the number of times of the non-detection 1s two times or less,
the signal processing unit 18 determines whether the low
reliability tlag 1s ON or not (step S197). When the low reli-
ability tlag 1s not ON, the signal processing unit 18 sets the
discontinuity counter to be two (2) (step S198). When the low
reliability flag 1s ON, the signal processing unit 18 sets the
discontinuity counter to be four (4) (step S199). The respec-
tive processing can be performed by the same method as the
first 1llustrative embodiment.

Also, when 1t 1s determined in step S191 that there 1s a case
where the moving object paired data of the same target could
not be detected in the past scanning (J 1n FIG. 26), the signal
processing unit 18 determines whether the moving object
paired data detected in this time scanning 1s the first moving
object paired data detected after the non-detection (step
S204). When the moving object paired data is the first moving,
object paired data detected after the non-detection, the signal
processing unit 18 keeps the discontinuity counter (step
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S5205). On the other hand, when the moving object paired data
1s not the first moving object paired data detected after the
non-detection, the signal processing unit 18 decreases the
discontinuity counter by one (1) (step S207). Then, the signal
processing unit 18 determines whether the discontinuity
counter 1s one (1) or smaller (step S208). When the disconti-
nuity counter 1s one (1) or smaller, the signal processing unit
18 sets the continuous pair decision flag to be ON and decides
the detected moving object paired data as a true target (step
S208). When the discontinuity counter 1s not one (1) or
smaller, the signal processing unit proceeds to next process-
ing (E 1 FIG. 28). The respective processing can be also
performed by the same method as the first 1llustrative embodi-
ment.

Thereby, when there 1s a possibility that the detected mov-
ing object paired data 1s mis-paired, the continuity determi-
nation 1s performed more times than usual. Thereby, since 1t 1s
possible to retard the target decision, 1t 1s possible to prevent
a ghost from being falsely detected.

4. Fourth Illustrative Embodiment

In the below, a fourth 1llustrative embodiment 1s described.
The fourth illustrative embodiment 1s different from the
respective 1llustrative embodiments as regards the continuity
determination processing. The configuration of the vehicle
control system and the other processing are the same as the
first 1llustrative embodiment. Thus, the continuity determina-
tion processing 1s mainly described 1n the below.

4-1. Continuity Determination Processing

The detailed continuity determination processing (step
S108) of the fourth i1llustrative embodiment 1s described with
retference to FIGS. 30 to 35. FIG. 30 1s a flow chart showing,
the continuity determination processing. In the continuity
determination processing of this illustrative embodiment,
when the stationary object such as road marker 1s positioned
above the traffic lane 1 which the vehicle 1s traveling, pro-
cessing ol determining that there 1s a possibility that the
detected moving object paired data 1s mis-paired 1s performed
and the continuity determination 1s performed depending on
a result of the determination. That 1s, as shown 1n FIG. 30, in
the continuity determination processing, the signal process-
ing unit derives the number of stationary objects (step S216)
and performs the reliability determination processing for the
detected moving object paired data (step S213). Then, the
continuity determination (target decision) processing 1s per-
tormed depending on a result of the reliability determination
(step S214). In the below, the processing 1s specifically
described.

FI1G. 31 1s a flow chart showing processing of dertving the
number of stationary object paired data. The signal process-
ing unit 18 extracts stationary object paired data existing
within a range of 20 m to 250 m from the own vehicle (the
radar apparatus 1) from the detected paired data (step S219).
Then, the signal processing unit 18 extracts stationary object
paired data having an absolute value of the relative transverse
distance of 1.8 m or smaller or having an absolute value of the
angle o 3.2° or smaller from the extracted stationary object
paired data (step S220). Thus 1s to extract the stationary object
paired data existing on the own vehicle traflic lane. The rela-
tive transverse distance and the angle can be dertved from the
stationary object paired data. Then, the signal processing unit
18 counts the number of the extracted stationary object paired
data and derives the number of the stationary object paired
data existing on the own tratfic lane (step S221). That 1s, when
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a plurality of stationary objects or one large stationary object
ex1sts on the own traffic lane, the stationary object paired data
1s also detected 1n plural. For this reason, 1t 1s possible to
determine that a plurality of stationary objects or one large
stationary object exists on the own traific lane by the number
of the stationary object paired data obtained in step S221.

When the number of the stationary object paired data 1s
derived, the signal processing unit executes the reliability
determination processing. FIG. 32 1s a flow chart showing the
reliability determination processing. The signal processing
unit 18 extracts moving object paired data from the detected
paired data. That 1s, the signal processing unit extracts the
paired data of which the stationary object flag 1s set to be OFF
(step S222). Then, the signal processing unit extracts the
moving object paired data having an absolute value of the
relative transverse distance of 1.7 m or smaller from the
extracted moving object paired data (step S223). This 1s to
extract the moving object paired data existing on the own
traffic lane. The relative transverse distance can be also
derived from the moving object paired data.

Then, the signal processing unit 18 extracts moving object
paired data that exists at a predetermined distance and has a
predetermined angle power level from the extracted moving,
object paired data (step S224). Specifically, the signal pro-
cessing unit 18 extracts the moving object paired data existing
within a range of 30 m to 75 m from the own vehicle and
extracts the moving object paired data having the signal level
of the angle spectrum larger than —48 dBV from the extracted
moving object paired data. Also, the signal processing unit 18
extracts the moving object paired data existing within a range
of 75 mto 97 m from the own vehicle and extracts the moving
object paired data having the signal level of the angle spec-
trum larger than —50 dBV from the extracted moving object
paired data. This 1s to remove the noise by extracting the
moving object paired data having the predetermined signal
level. The distances and signal levels can be also derived from
the moving object paired data.

Then, the signal processing unit 18 determines whether the
number of the stationary object paired data derived in the
processing of deriving the number of stationary object1s 7 or
larger (step S225). When the number of the stationary object
paired data 1s 7 or larger, a plurality of signboards such as a
road marker or one large signboard exists above the own
traffic lane, so that the possibility of the mis-pairing 1s
increased. For this reason, when 1t 1s determined that the
number of the stationary object paired data 1s 7 or larger, the
signal processing unit 18 determines that the reliability 1s low
and sets a front face ghost detection flag to be ON (step S226).
A case where the front face ghost detection flag 1s ON 1ndi-
cates that the reliability of the moving object paired data
existing on the own traffic lane 1s low. On the other hand,
when 1t 1s determined that the number of the stationary object
paired data 1s not 7 or larger, the signal processing unit 18
determines that the reliability 1s not low and sets the front face
ghost detection flag to be OFF (step S227). In the meantime,
the values of the respective conditions are not limited to the
above and can be appropriately set.

When the reliability 1s determined, the signal processing
unit 18 performs the continuity determination (target deci-
s1on) processing. FIGS. 33 to 35 are tlow charts showing the
continuity determination (target decision) processing.

First, the signal processing unit 18 determines whether the
moving object paired data detected in this time scanning 1s the
new moving object paired data (step S228). When the moving
object paired data 1s the new moving object paired data, the
signal processing unit 18 sets the continuity tlag to be zero (0)
(step S229). On the other hand, when the moving object
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paired data 1s not the new moving object paired data, the
signal processing unit 18 determines whether the detected
moving object paired data 1s the moving object paired data of
the same target as the movmg object paired data detected 1n
the previous time scanning (step S230). When the moving
object paired data of the same target as the moving object
paired data detected in the previous time scanning 1s detected,
the signal processing unit determines whether there 1s a case
where the moving object paired data of the same target could
not be detected 1n the past scanning (step S231). When 1t 1s
determined that there 1s a case where the moving object paired
data of the same target could not be detected in the past
scanning (1.e., the moving object paired data of the same
target 1s consecutively detected without being detected), the
signal processing unit 18 increases the continuity counter by
one (1) (step S232). The respective processing 1s the same as
the first 1llustrative embodiment.

Then, the signal processing unit 18 determines whether the
front face ghost detection flag 1s ON (step S233). When the
front face ghost detection tlag 1s not ON, the signal processing
unit 18 determines whether the continuity counter 1s two (2)
or larger (step S234). When the continuity counter 1s two (2)
or larger, the signal processing unit sets the continuous pair
decision flag to be ON and decides the detected moving object
paired data as a true target (step S236). On the other hand,
when the continuity counter 1s not two (2) or larger, the signal
processing unit proceeds to next processing (E in FIG. 33).

On the other hand, when the front face ghost detection flag
1s ON, the signal processing umt 18 determines whether the
continuity counter 1s four (4) or larger (step S235). When the
continuity counter 1s four (4) or larger, the signal processing
unit sets the continuous pair decision flag to be ON and
decides the detected moving object paired data as a true target
(step S236). On the other hand, when the continuity counter 1s
not four (4) or larger, the signal processing unit proceeds to
next processing (E in FIG. 33).

On the other hand, whet it 1s determined 1n step S230 that
the moving object paired data of the same target as the moving,
object paired data detected 1n the previous time scanning 1s
not detected (K in FIG. 33), the signal processing unit 18
determines whether the number of times of the non-detection
1s two times or less (step S237). When the number of times of
the non-detection 1s not two times or less, the signal process-
ing unit 18 decides the detected moving object paired data as
a Talse target (step S238) and ends the processing. Also, when
the number of times of the non-detection 1s two times or less,
the signal processing unit 18 determines whether the front
face ghost detection flag 1s ON (step S239). When the front
face ghost detection flag 1s not ON, the signal processing unit
18 sets the discontinuity counter to be two (2) (step S240).
When the front face ghost detection flag 1s ON, the signal
processing unit 18 sets the discontinuity counter to be four (4)
(step S241). The respective processing 1s the same as the first
illustrative embodiment.

Also, when 1t 1s determined 1n step S231 that there 1s a case
where the moving object paired data of the same target could
not be detected 1n the past scanning (L in FIG. 33), the signal
processing unit 18 determines whether the moving object
paired data detected 1n this time scanning 1s the first moving
object paired data detected after the non-detection (step
S5242). When the moving object paired data 1s the first moving
object paired data detected after the non-detection, the signal
processing unit 18 keeps the discontinuity counter (step
S5243). On the other hand, when the moving object paired data
1s not the first moving object paired data detected after the
non-detection, the signal processing unit 18 decreases the
discontinuity counter by one (1) (step S244). Then, the signal
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processing unit 18 determines whether the discontinuity
counter 1s one (1) or smaller (step S245). When the disconti-
nuity counter 1s one (1) or smaller, the signal processing unit
18 sets the continuous pair decision flag to be ON and decides
the detected moving object paired data as a true target (step
S5246). When the discontinuity counter 1s not one (1) or
smaller, the signal processing unit proceeds to next process-
ing (E in FIG. 35). The respective processing can be also
performed by the same method as the first 1llustrative embodi-
ment.

Thereby, when there 1s a possibility that the detected mov-
ing object paired data 1s mis-paired, the continuity determi-
nation s performed more times than usual. Thereby, since1t1s
possible to retard the target decision, 1t 1s possible to prevent
a ghost from being falsely detected.

Although the illustrative embodiments of the invention
have been described, the invention 1s not limited to the above
illustrative embodiments. Also, the respective illustrative
embodiments can be appropriately combined.

Also, 1n the respective illustrative embodiments, the vari-
ous functions are soitware-implemented by the calculation
processing of the CPU in response to the programs. However,
some ol the functions may be implemented by an electrical
hardware circuit. Also, to the contrary, some of functions that

are 1implemented by the hardware circuit may be solftware-
implemented.

What 1s claimed 1s:

1. A radar apparatus comprising:

a derivation unit configured to derive target information
which 1s information relating to a target detected on the
basis of a transmission signal of which a frequency
changes with a predetermined cycle and a reception
signal corresponding to a reflected wave coming from an
object at which a transmission wave corresponding to
the transmission signal 1s reflected;

a determination unit configured to determine reliability of
the target information; and

a decision unit configured to decide whether the detected
target 1s true or false, based on the target information,

wherein the decision unit changes a method of deciding
whether the target 1s true or false 1n accordance with a
determination result of the reliability by the determina-
tion unit.

2. The radar apparatus according to claim 1,

wherein the decision unit determines whether each target
corresponding to the target information which 1s tempo-
rally consecutively dertved 1s the same target,

wherein when 1t 1s determined consecutively predeter-
mined number of times that each target 1s the same
target, the decision unit decides the target as a true target,
and

wherein the decision unit changes the predetermined num-
ber of times 1n accordance with the determination result
of the reliability.

3. The radar apparatus according to claim 2, wherein the
decision unit increases the predetermined number of times
when the reliability 1s low.

4. The radar apparatus according to claim 1, further com-
prising:

an extraction unit configured to extract peak signals which
are obtained from a difference frequency between the
transmission signal and the reception signal, 1n a first
period 1n which the frequency of the transmission signal
ascends and a second period in which the frequency
descends: and
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a pairing unit configured to pair the peaks signal of the first
period and the peak signal of the second period based on
a predetermined condition,

wherein the determination unit determines the reliability

on the basis of a true-false possibility of the pairing.

5. The radar apparatus according to claim 4, wherein the
determination unit determines that the reliability 1s low when
there 1s a possibility that the pairing 1s falsely made.

6. The radar apparatus according to claim 4, wherein the
determination unit determines that the reliability 1s low when
the detected target 1s a moving target and a position of the
moving target 1s included within a predetermined range from
a position of the other stationary target.

7. The radar apparatus according to claim 6,

wherein the target information includes an own traffic lane

probability indicating a probabaility that a target exists on
a traific lane in which a vehicle mounted with the radar
apparatus 1s traveling, and

wherein the other stationary object 1s extracted from a

stationary target existing at a position that 1s more distant
from the vehicle than a reference position determined
based on the own traflic lane probability.

8. The radar apparatus according to claim 7, wherein the
reference position 1s a position corresponding to a distance in
a direction substantially orthogonal to a central axis of the
radar apparatus and 1s changeable depending on the own
traific lane probability.

9. The radar apparatus according to claim 4, wherein the
determination unit determines that the reliability 1s low when
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a difference of respective reception levels of the target infor-
mation which 1s temporally consecutively derived 1s a prede-
termined value or larger.

10. The radar apparatus according to claim 4, wherein the
determination unit determines that the reliability 1s low when
a sum ol respective Mahalanobis distances included 1n the
target information which 1s temporally consecutively derived
1s a predetermined value or larger.

11. The radar apparatus according to claim 4, wherein the
determination unit determines that the reliability 1s low when
a number of stationary targets present on a traific lane 1n
which a vehicle mounted with the radar apparatus 1s traveling
1s a predetermined value or larger.

12. A signal processing method associated with a radar
apparatus, the method comprising:

(a) dertving, by a computer processor, target information
which 1s information relating to a target detected based
on a transmission signal of which a frequency changes
with a predetermined cycle and a reception signal cor-
responding to a reflected wave coming from an object at
which a transmission wave corresponding to the trans-
mission signal 1s retlected;

(b) determining, by the computer processor, reliability of
the target information; and

(¢) deciding, by the computer processor, whether the
detected target 1s true or false, based on the target infor-
mation,

wherein 1n the step (¢), a method of deciding whether the
target 1s true or false 1s changed 1n accordance with a

determination result of the reliability.
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